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ELECTRICITY. 


W«  cannot  but  be  soniCTfbat  Burprised  that,  among  the 

jnany  &llcrojA»  wb'ulU  \un  e  WcB  mode  \)y  tHe  pViUonUjibeia 

of  Britain  to  explain  the  wonderful  pheoomena  which  ore 
classed  under  the  name  of  Electricity,  no  author  of  eminence, 
be^des  the  Honourable  Mr.  Cavendbb  and  Lord  Mahon, 
have  avuled  themaelves  of  their  susceptibility  of  mathemati- 
cal diBcusuon ;  and  our  wonder  b  the  greater,  beaause  it  was 
by  amatbematical  view  of  the  subject,  in  the  phenomena  of 
attractioa  and  repulnon,  that  the  celebrated  philosopher 
Franklin  was  led  to  the  only  knowledge  of  electricity  that 
deserves  the  name  of  sdence;  for  we  had  scarcely  any 
leading  facta,  by  which  we  oould  class  the  phenomena,  tiQ 
he  published  his  theory  of  poiilive  and  lugative,  or  pba  and 
nuuu,  electri^ty.  This  is  founded  entirely  on  the  pheno- 
mena of  attraction  and  repulnon.  These  furnish  us  with 
all  the  in^cations  of  the  preseiice  of  the  migh^  ^K^ot,  and 
the  marka  of  its  kind,  and  the  measures  of  iu  force.  Me> 
chanical  (atce  accompanies  every  other  appearance;  and 
this  accraopammeot  is  regulated  in  a  determinate  manner. 
Many  of  tiie  effects  of  electricity  are  strictly  mechanic^,  ■' 

TOt.  IT.  A  ,^    - 
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producing  local  motion  in  the  same  ifianner  aa  magnetism 
or  gravitation  produce  it  One  should  have  expected  that 
the  countrymen  of  Newton,  prompted  by  his  success  and 
his  fame,  would  take  to  this  mode  of  examination,  and 
would  have  endeavoured  to  deduce,  from  the  laws  observed 
in  the  action  of  this  motive  force,  an  explanation  of  other 
wonderful  phenomena,  which  are  inseparably  connected  with 
those  of  attraction  and  repulsion. 

But  this  has  not  been  the  case,  if  we  except  the  labours 
of  the  two  philosophers  above  mentioned,  and  a  few  very 
obvipus  positions  which  must  occur  to  all  the  inventors  and 
improvers  of  electrometers,  batteries,  and  other  things  of 
measurable  nature. 

This  view  has,  however,  been  taken  of  the  subject  by  a 
philosopher  of  unquestioned  merit,  Mr.  ^pinus  of  the  Im- 
perial Academy  of  St.  Petersburgh.  This  gentleman,  struck 
with  the  res^nblance  of  the  decteical  properties  of  the  tour- 
malin to  the  propertieii  of  a  magnet,  whirk  iMive  ahiPttys 
been  considered  as  the  sulageet  of  mathematical  dKflcasaon, 
fortunately  remarked  a  waaderful  similarity  in  the  whole 
series  of  electrical  and  mc^etical  attractions  aad  repulsions, 
and  set  himself  seriously  to  the  class^ScaHoa  of  them.   Hav- 
ing done  this  with  great  success,  and  hanng  maturely  re* 
fleeted  on  Ihr.  FrankMn^s  happy  thought  of  phis  and  minus 
electricity,  and  his  consequent  theory  of  the  Leyden  phial, 
he  at  last  hit  on  a  mode  of  conceiving  the  whole  suligect  of 
magnetism  and  electricity>  that  UdB  ftur  for  leading  us  to  a 
full  explanation  of  all  the  phenomena ;  in  as  far,  at  least,  as 
it  enables  us  to  dass  them  with  precision,  and  to  predict 
what  will  be  the  result  of  any  proposed  treatment  He  can- 
didly gives  it  the  modest  name  of  a  hjrpothesis. 

This  was  published  at  St  Petersburgh  in  1759,  under 
the  title  of  Theoria  Ekctritatta  et  Magndismiy  and  is  un- 
questionably one  of  the  most  ingenious  and  brilliant  per- 
formances of  this  century.  It  is  indeed  most  surprising  that 
it  is  so  little  known  in  dib  oouatry.  Tliis,  we  imagine,  has 
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bem  dueAy  owing  to  the  veiy  slight  and  ahnost  unintelli. 
gSAe  acootint  widch  Dr.  Priestley  has  given  of  it  in  his  his- 
tory  of  ekctrioty  ;  a  work  which  professes  to  comprehend 
everj  thing  that  has  been  done  by  the  philosophers  of  Eu- 
rope and  America  for  the  advancement  of  this  part  of  na- 
ttmd  sdence,  and  which  indeed  contl^s  a  great  deal  of  in- 
structive information,  and,  at  the  same  time,  so  many  loose 
on^factures  and  insignificant  observations,  that  the  reader 
reascmably  befieves  that  he  has  let  nothing  slip  that  was 
worthy  of  notice.     We  do  not  pretend  to  account  for  the 
manner  in  which  Dr.  Priestley  has  mentioned  this  work,  so 
mudi,  and  so  deservedly  celebrated  on  the  Continent    We 
cannot  think  that  he  has  read  it  so  as  to  comprehend  it, 
and  imagine,  that  seeing  so  much  algebraic  notation  in  every 
pege^  and  being  at  that  thne  a  novice  in  mathematical  learn- 
ing, he  contented  himself  with  a  few  scattered  paragraphs 
which  were  free  of  those  embarrassments ;  and  thus  could 
only  get  a  rery  imperfect  notion  of  the  sjntem.     The  Hon. 
Mr.  Cavendish  has  done  it  more  justice  in  the  6Ist  volume 
of  the  Philosophical  Transactions,  and  considers  his  own 
most  excellent  dissertation  only  as  an  extension  and  more 
accurate  application  of  ^pinus's  Theory.     That  we  have 
not  an  account  of  this  exposition  of  the  Franklinian  theo- 
ry of  electricity  in  our  language,  is  a  material  want  in  Bri- 
tish literature ;   and  we  trust,  therefore,  that  our  readers 
will  be  highly  pleased  with  having  the  ingenious  discoveries 
of  the  great  American  philosopher  put  into  a  form  so  near- 
ly approaching  to  a  system  of  demonstrative  science. 

We  propose,  therefore,  in  this  place,  to  give  such  a  brief 
account  of  ^pinus's  theory  of  electricity,  4is  will  enable  the 
reader  to  reduce  to  a  very  simple  and  easily  remembered 
law  all  tie  phenomena  of  electricity  which  have  any  dose 
dependence  on  the  mechanical  effects  of  this  powerful  agent 
of  nature ;  referring  for  a  demonstration  of  what  is  purely 
mathematical  to  Sir  Isaac  Newton's  Principia,  and  the  Dis- 
•ertadoQ  by  Mr.  Cavendish  already  mentioned,  except  i» 
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such  important  articles  as  we  think  ourselves  able  to  present 
in  a  new,  and,  we  hope,  a  more  familiar  form.  We  do  not 
mean,  in  this  place,  to  give  a  system  of  philosophical  electri« 
city,  nor  even  to  narrate  and  explain  the  more  remarkable 
phenomena.  We  confine  ourselves  to  the  phenomena  which 
may  be  called  mechatUcalf  producing  measurable  motion  as 
their  immediate  effect ;  and  thus  giving  us  a  principle  for 
the  mathematical  examination  of  Uie  cause  of  electrical  phe- 
nomena. We  shall  consider  the  reader  as  acquainted  with 
the  other  physical  effects  of  electricity,  and  shall  firequently 
refer  to  fhem  for  proofs. 

Moreover,  as  our  intention  is  merely  to  give  a  synopti- 
cal view  of  this  elaborate  and  copious  performance  of  Mr* 
^pinus,  hoping  that  it  will  excite  our  countrymen  to  s 
careful  perusal  of  so  valuable  a  work,  we  shall  omit  most  of 
the  algebraic  investigations  contained  in  it,  and  present  thft 
conclusions  in  a  more  familiar,  and  not  less  convincing^ 
form.  At  the  same  time  we  will  insert  the  valuable  addi- 
tions made  by  Mr.  Cavendish,  and  many  important  parti* 
culars  not  noticed  by  either  of  those  gentiemen. 


HYPOTHESIS  OF  iEPINUS. 

1.  The  phenomena  of  electricity  are  produced  by  a  fluid 
of  peculiar  nature,  and  therefore  called  the  elsctbic  fluid^ 
having  the  following  properties : 

3.  Firsty  Its  particles  repel  each  other,  with  a  force  de- 
creasing as  the  distances  increase. 

3.  Secondy  Its  particles  attract  the  particles  of  some  ingre- 
dient in  all  other  bodies,  with  a  force  decreasing,  according 
to  the  same  law,  with  an  increase  of  distance ;  and  this  at* 
traction  is  mutual.  * 

4.  Thirdf  The  electric  fluid  is  dispersed  in  the  pons  of 
other  bodies,  and  moves  with  various  degcees  of  iuaBtj 
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Anugh  the  pores  of  ^llbvnt  kinds  of  nutter. '  fn  those  bo> 
£es  which  we  call  MOM-e/ecfrica,  such  u  witer  or  metals  it 
tamet  without  any  perceivable  obstructitK) ;  but  in  jlm, 
rosms,  and  all  bodies  called  elatria,  it  movea  with  very  great 
difficulty,  or  is  altogether  immoreable. 

i.  Faitrthy  The  phenomena  of  electricity  are  of  two  kinds ; 
1.  Such  as  arise  from  the  actital  motion  of  the  fluid  from  a 
body  containiDg  more  into  one  containing  lew  of  it.  2.  Such 
as  do  not  immediately  arise  from  this  trantference,  but  are 
instances  of  its  attraction  and  repulsion. 

These  things  being  supposed,  cert^n  consequences  n^ 
cessarily  result  from  them,  which  ought  to  be  anaipgoosta 
the  observed  phenomena  of  electricity,  if  this  hypothecs  be 
Gcnplete,  or  some  farther  modification  of  the  asaumni  pro- 
perties is  necessary,  in  order  to  make  the  anak^  perfect 

^  ^u^pose  the  body  A  (Plate  I,  fig.  1.)  to  contain  a  cer- 
tain qvtaamy  ol' fluid.  Its  particle  ailjoining  to  the  surface, 
SUli*  a&¥,aic  B.\iTac\KdVi^  tW^-aniclcs  of  common  maUer  in 
the  body,  but  repelled  by  the  other  paitidea  of  the  fluid.  The 
totality  of  the  auractive  forces  acting  on  F  may  be  equal  to 
the  totality  of  the  repulsive  forces,  or  may  be  unequal.  If 
these  two  snims  are  equal,  P  is  in  cquilihrio,  and  has  no  ten- 
dency to  chanfie  its  place  But  there'  may  k-a^ln  a  quai^ 
tily  of  fluid  in  the  body,  that  the  repulsions  of  the  fluid 
exceed  the  attractions  of  the  common  matter.  In  this  case, 
P  has  a  tendency  to  quit  the  body,  or  there  is  an  expulsive 
force  acting  on  it,  and  it  idiU  quit  the  body  if  it  be  mov^ 
able.  Because  the  same  must  be  admitted  in  respect  of 
every  other  particle  of  moveable  fluid,  it  is  pliun  that  there 
will  be  an  efflux,  till  the  attraction  of  the  common  matter 
for  the  particles  of  fluid  is  equal  to  the  repuIsiiHi  of  the  re- 
maining fluid.  On  the  other  band,  if  the  primitive  repul. 
Non  of  the  fluid  acting  on  the  particle  P  be  less  than  the 
attractions  of  the  common  matter,  there  will  he  the  same, 
ft  St  least  a  similar,  superiority  °^  attraction  acting  on  the 
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fluid  rending  in  the  drcumamlMait  bodies ;  and  these  wSi 
he  an  influx  from  all  hands,  till  an  equifibrium  be  restored. 

7.  Hence  it  follows,  that  there  may  always  be  assigned  to 
any  body  such  a  quantity  of  fluid  that  there  shall  be  no 
tendency  either  to  efflux  or  influx.  But  if  the  quantity  be 
increased,  and  nothing  prevent  the  motion,  the  reduiidant 
fluid  will  flow  out ;  and  if  the  proper  quantity  be  diminish- 
ed, there  will  be  an  influx  of  the  surrounding  fluid,  if  not 
prevented  by  some  external  force.  This  may  be  called  the 
body's  NATURAL  a^ANTiTY ;  because  the  body,  when  left 
to  itself,  will  always  be  reduced  to  this  state. 

8.  If  two  bodies,  A  and  B,  contain  each  its  natural  quan* 
tity,,  they  will  not  exert  any  senaUe  action  on  each  other : 
£or,  because  the  fluid  contained  in  B  is  united  by  attractioQ 
to  the  common  matter,  and  is  also  repelled  by  the  fluid  in  A, 
it  necessarily  follows,  that  the  whole  body  B  is  repelled  by 
the  fluid  in  A.     But,  on  the  other  hand,  the  matter  in  A 
attracts  the  fluid  in  B,  and  consoquently  attracts  the  whole 
body  B :  A  similar  action  is  exerted  by  B  on  A.  These  con- 
trary forces  are  either  equal,  and  destroy  each  other,  or 
unequal,  and  one  of  them  prevails^     This  equality  or  in. 
equality  evidently  depends  on  the  quantity  of  fluid  contain- 
ed in  one  or  both  of  the  bodies  (§  7.)     Now  it  is  known 
that  bodies  left  entirely  to  themselves  neither  attract  nor 
repel ;  and  it  follows  from  the  hypothetical  properties  of  the 
fluid,  that  if  there  be  either  a  redundancy  or  deficiency  of 
fluid,  there  will  be  an  efflux  or  influx,  till  the  attractions 
and  repulsions  balance  each  other.     Therefore  the  internal 
state  of  two  bodies  which  neither  attract  nor  repel  cacli 
other,  is  that  where  each  contains  its  natural  quantity  of 
electric  fluid. 

9.  In  order,  therefore,  to  conceive  distincdy  the  state  of  a 
body  contdning  its  natural  quantity,  and  to  have  a  distinct 
notion  of  this  natural  quantity,  we  must  suppose  that  the 
quantity  of  fluid  competent  to  a  particle  of  matter  in  A  re^ 


peb  the  fluid  eumpctenl  to  m  pnrticle  of  mittef  ita  B,  joil  ti 
Budi  u  it  attracts  that  {Mrtide  of  aiatter ;  and  miaa,  tint 
the  fliud  faelongiiig  to  a  pattiele  of  matter  in  A,  repein  tbe 
fluid  belonging  to  a  particle  rf  matter  in  B,  jtut  aa  nucb  as 
the  pardda  of  nmtter  in  A  atttacCs  it  Thus  llie  whole 
fluid  in  the  one  repds  tbe  whole  fluid  in  the  other  as  much 
as  it  attracts  the  whole  matter. 

Since  tins  mast  he  ootiodred  of  every  partide  of  oom- 
mon  matter  in  a  bodj,  we  must  admit,  that  when  abody  is 
in  its  natural  aUOe,  the  quantitj  of  eleetrie  fluid  in  it  is  pro* 
portioaal  to  the  quantity  of  matter,  erery  partide  beii^ 
muted  frith  an  equal  quantity  of  fluid  Thi%  howvrer,  does 
not  neoesiafily  require  that  diflerent  kinds  of  matter,  in 
their  natmal  or  satuiated  state^  shall  contain  tbe  same  prob 
pcatioii  of  fluid     It  is  suffident  that  each  contains  sudi  a 
quantity.  Uniformly  distribated  araobg  its  partides,  that  its 
repuldon  for  the  fluid  in  another  body  is  equd  to  its  attrac* 
Ikm  for  tVie  common  matter  in  it.    It  is,  howerer,  more 
probable,  for  reasons  to  he  pren  afterwards,  that  the  qtian* 
tity  of  electric  fluid  attached,  or  competent,  to  a  partide  of 
all  kinds  of  matter  is  the  same. 

We  shall  now  consider  more  particularly  the  immediate 
results  of  this  hypothesis,  in  tbe  most  simple  cases,  &om 
which  we  may  derive  some  elementary  propositions. 

10.  Since  our  hypothesb  is  accommodated  to  the  fact,  that 
bodies  in  their  natural  state,  having  their  natural  quantity 
of  electric  fluid,  are  altogether  inactive  on  each  other,  by 
making  this  natural  quantity  such,  that  its  mutual  repulsion 
exactly  bslances  its  attraction  for  the  common  matter— it 
foUows,  that  we  must  deduce  all  the  electric  phenomena 
from  a  redundancy  or  defidency  of  electric  fluid.  This  ac- 
cordingly is  the  Franklinian  doctrine.  The  redundant  state 
of  a  body  is  called  by  Dr.  Franklin  positive  or  plus  elkc- 
TRiciTY,  and  the  d^dent  state  is  called  mecative  or  mi- 
nus ELECTRICITY. 
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A  body  may  contain  more  than  its  natural  quantity,  or 
less,  in  every  part,  or  it  may  be  redundant  in  one  place  and 
deficient  in  another.  These  different  conditions  will  exhibit 
different  appearances,  which  must  be  considered  first  of  alL 

11.  Let  the  body  A  (fig.  1.)  be  supposed  in  its  natural  state 
throughout,  which  we  shall  generally  express  by  saying  that 
it  is  SATUBATED ;  and  let  us  express  the  quantity  of  fluid 
required  for  its  saturation  by  the  symbol  Q.  Let  P  be  a 
superficial  particle  of  the  fluid.  It  is  attracted  by  the  com- 
mon matter  of  the  body,  (which  we  shall  in  future  caU  sim« 
ply  the  malter,)  and  it  is  repelled  equally  by  the  fluid.  Let 
us  call  the  attraction  a,  and  the  repulsion  r.  Then  the  force 
with  which  the  superficial  particle  is  attracted  by  the  body, 
must  be  =  a-— r,  and  C'-^r  must  be  =o,  because  a  =r. 
Let  the  quantity  /  of  fluid  be  added  to  the  body,  and 
uniformly  distribute  through  its  substance.  Then,  be> 
cause  .we  must  admit  that  the  action  is  in  proportion  to  the 
quantity  of  acting  fluid,  and  this  b  now  Q  +/»  vfe  have 


Q  '*  Q  +/='■•  ^^-^  ^  ^;  and  therefore  P  is  repelled  by 

the  whole  fluid  with  the  force  2J^  ^,  or^  +-^,  or 

fr,. 
r  "h-Q-'    But  it  is  attracted  by  the  common  matter  in  the 

same  manner  as  before,  that  is,  with  a  force  =0.    There- 

fr 
fore  the  whole  action  on  P  is  =  «  —  r  —  q-.    But  a  —  r 

=  o.   Therefore  the  whole  action  on  P  is       —  -7; ;  that  is, 

P  is  repelled  with  the  force  q-  . 

This  will  perhaps  be  as  distinctly  conceived  by  recollect- 
ing, that  as  much  of  the  fluid  as  was  necessary  for  satura- 
tion, that  is,  the  quantity  Q,  puts  the  particle  P  in  equili- 
brio ;  and  therefore  we  need  only  consider  the  actioQ  of  the 
redundant  fluid/.    To  find  the  repulsive  force  of  this>  say 


(lif^Ti  -Q-,  and  prefix  the  sgn— ;  beenne  weired 

amuder  attractioiis  as  poatiTe,  and  lepubioos  as  ocgabr^ 
qaantides. 
12.  Unless,  tfaeiefbre,  the  partkle  P  be  withheld  bjr  tome 

otW  force,  it  will  quit  the  body,  bong  eipellfd  bj  a  (ottt 

■ 

^^.     And  as  erery  superficud  pardde  is  in  a  shnilar  atiia> 

tioD,  we  see  that  there  will  be  an  efflux  fioom  an  oTcrdiarged 
bodj,  till  ail  the  redundant  fluid  hasquitted  it.    Thiscflux 

* 

win  indeed  gradually  diminish  as  the  erpelling  Ibrce  n~di> 


minishes ;  that  is,  as/*  diminishes,  but  will  never  cease  till 
/be  reduced  to  nothing.  But  if  there  be  cither  an  external 
force  acting  on  the  superficial  fluid  m  the  opposite  directiaB, 
or  some  internal  obstnictkm  to  its  motion,  the  efflux  wiO  stop 
wYieu  the  Temaimng  expeUing  force  is  just  in  eqtulifano  with 
this  extemai  force,  or  this  obstrucUon. 

13.  On  the  other  hand,  if  the  body  contains  Jess  than  icsna- 
tural  quantity  of  fluid,  there  will  be  an  influx  from  without ; 
for  if  there  be  a  deficiency  of  fluid  =:^  the  particle  P  will 

be  repelled  with  the  force  ^— vv —  ,  =:  r  —  -w"^  It  is  aU 

traded  with  the  force  a ;  and  tberefixe  the  whole  action  is 

fr  fr 

=a — r +  -Q-,=  +  -Q- (because  a<—r=o);  that  is.  Pis 

fr 
attracted  with  the  force  -q-.  Fluid  will  therefore  enter  from 

aD  quarters,  as  long  as  there  is  any  deficiency  of  the  quanti- 
ty necessary  for  saturation,  unless  it  be  opposed  by  some  ex 
tern^  force,  or  hindered  by  some  internal  obstruction. 

When  there  is  a  defidency  of  fluid,  there  is  a  redundancy 
of  matter,  such  that  its  attraction  for  external  fltud  is  equal 
to  the  repulaon  of  a  quantity  /  of  fluij^    This  confirms  the 
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assumption  in  §  10,  that  the  action  of  a  hoij/  on  iht  electric 
Jbiid  depends  entirely  on  the  redundant  JbUi,  or  the  reduindcoA 
matter  of  the  body. 

14.  The  efflux  or  influx  may  be  prevented,  either  by  sur« 
rounding  the  body  with  substances,  through  the  pores  of  which 
the  fluid  cannot  move  at  all,  or  by  the  body  itself  being  of  this 
constitution.     And  thus  we  see,  that  the  very  circumstance 
of  being  impervious  to  the  fluid,  or  comj^tely  permeable, 
renders  the  body  o^ble  or  incapable  of  permanently  exhi- 
biting electrical  phenomena,  if  surrounded  by  permeable  bo- 
dies. This  circumstance  alone,  therefore,  is  suffident  to  con- 
stitute the  difference  between  electrics  per  «e,  and  non  eledrics. 
^-Here,  then,  is  a  numerous  class  of  phenomena,  which  re- 
cdve  an  explanation  by  this  hypothetical  constitution  of  the 
electric  fluid.   All  electrics pfr  se  are  bodies  fit  for  confining 
electricity  in  bodies  which  are  rendered  capable  (by  what- 
ever means)  of  producing  electrical  phenomena ;  and  no 
conductor,  or  substance  which  allows  the  electricity  to  pass 
through  it,  can  be  made  electric  by  any  of  the  means  which 
produce  that  efiect  in  insulators.  And  it  is  weU  known,  that 
the  electricity  of  electrics  is  vastly  more  durable  than  that  of 
non  electrics  in  similar  situations.  It  is  true,  indeed,  that  an 
electric,  which  has  been  excited  so  as  to  exhibit  electric  phe- 
nomena with  great  vivacity,  loses  this  power  very  quickly  if 
plunged  into  water,  or  any  other  conducting  body.    But  this 
is  owing  to  the  redundancy  or  deficiency  being  quite  super- 
ficial, so  that  the  parts  which  are  diqx)sed  to  give  out  or  to 
take  in  the  fluid  are  in  immediate  contact  with  the  conducting 
matter.      That  the  redundancy  or  deficiency  is  superficial, 
follows  from  this  hypothesis ;  for  when  the  surface  is  over- 
charged by  the  means  employed  for  exciting,  the  impermea- 
bility of  the  electric  per  »c  prevents  this  redundant  fluid  from 
penetrating  to  any  depth  ;  and  when  the  surface  has  been 
rendered  deficient  in  fluid,  the  same  impermeability  prevents 
the  fluid  from  expanding  from  the  interior  parts,  so  as  to  con- 
tribute to  the  replenisihing  the  superficial  stratum  with  fluid. 
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the  quantity  g^  the  whole  action  must  be  a  •f-  ^'rfxr 

^S 

Q— fi-  X  r' 
— Q —  •    But  because  a  — r  —  r*  =  o,  the  action  be* 

ff  *■'  — /^ 
comes  = Q ,  or  because  r  is  greater  than  r',  the  par- 

tide  N  is  repelled  with  the  force  '— q —  .  In  like  manner^ 

the  particle  S  is  attracted  with  the  force  — rT'^  • 

16.  In  the  mean  time,  a  particle  C,  situated  at  the,  middle, 
must  be  in  equilibrioi  if  the  body  be  in  its  natural  state,  be- 
ing equally  attracted,  and  also  equally  repelled,  on  both  sides. 
But  as  we  suppose  that  NA  is  overcharged  with  the  quan^ 
tity/,  C  must  be  repelled  in  the  direction  CS  with  the  force 

fr 
■q-.  And  if  we  also  suppose  that  AS  is  deficient  by  the  quan- 

tity  f  ,  C  is  attracted  \n  the  direction  CS  with  a  force  "q"  • 
Therefore,  on  the  whole  it  is  urged  in  the  direction  CS  with 

the  force -^Itll,  or  ^E^. 

17.  Hence  we  learn,  that  as  long  as  there  is  any  redundan- 
cy in  AN,  and  deficiency  in  AS,  there  is  a  tendency  of  ilie  re- 
dundant fluid  to  move  from  N  towards  S ;  and,  if  ^he  body 
be  altogether  permeable  by  the  electric  fluid,  we  cannot 
have  a  permanent  state  till  the  fluid  is  similar!)/  distributed, 
and  equally  divided,  between  the  two  halves  of  NS.  There- 
fore a  state  like  that  assumed  in  this  example  cannot  be  per- 
manent in  a  conducting  body,  unless  an  external  force  act 
on  it ;  but  it  may  subsist  in  a  non-conductar,  and  in  a  lesser 
degree^  in  alt  .jimperfect  conductors. 

18.  It  is  n^ssary,  in  this  place,  to  consider  a  little  the  na- 
ture of  that  resistaiice  which  must  be  assigned  to  the  motion 
of  the  electric  fluid  through  the  pores  of  the  body.  If  it 
resemble  the  resistance  opposed  by  a  perfect  fluid,  noising 


Solely  from  the  inertia  of  its  particles,  then  there  is  n>  iiw 
equity  of  force  £o  minute  but  that  it  will  operate  a  unifonn 
distribution  of  the  fluid,  or  at  least  a  distribution  which  will 
midce  the  excess  of  the  mutual  attractions  and  repul&ions 
precisdy  equal  and  oppo^te  to  the  external  force  which 
keeps  it  in  any  state  of  unequal  distribution.  But  it  may 
resemble  die  resistance  to  the  descent  of  a  parcel  of  small 
shot  disseminated  anx>ng  a  quantity  of  g^ain,  or  the  re^st- 
ance  to  motion  through  the  pores  of  a  plastic  or  dui^le 
bod^,  such  as  clay  or  lead.  Here,  in  order  that  a  partide 
may  change  its  place,  it  must  overcome  the  tenacity  of  the 
adjoining  particles  of  the  body.  Tlierefore,  when  an  un* 
equal  distribution  ha^  been  produced  by  an  external  force, 
tbe  n^moval  or  alteration  of  that  force  will  not  be  followed 
by  an  equable  distribution  of  the  fluid.  In  every  part  there 
will  remain  sudi  an  inequality  of  distribuUon,  that  the  want 
of  e(|uilibriiim  between  the  electric  attractions  or  repulsion* 
is  balanced  liy  the  tenacity  of  the  parts. 

19  We  learn  fiirtber  from  the  foregoing  propositions^  that 
B  panicle  at  N  is  less  repeUed  than  if  the  port  AS  were 
overchMigcd  as  AN  is:  for  in  that  case,  it  would  be  expel- 
led by  a  force' — q— ,which  is  much  greater  tlian  —q^— 
And,  in  like  manner,  the  parUcle  S  is  attracted  witli  less 
force  than  it  would  be  if  NA  were  equally  undercharged 
with  SA. 

20.  The  condition  of  the  body  now  described  may  be  chan* 
gcd  by  diflerent  methods.  The  redundant  fluid  in  AN  may 
flow  into  AS)  where  it  is  deficient,  till  the  whole  be  uniibrm- 
ly  distributed ;  or  fluid  may  escape  from  AN,  and  fluid  may 
enter  into  AS,  till  the  body  be  in  its  natural  state.  Tlw 
first  method  will  be  so  much  the  slower  as  the  body  is  less 
permeable,  or  more  remarkably  electric  per  te  ,■  and  the  se- 
cond lAethod  will  be  slower  than  if  the  whole  body  were 
overcharged  or  undercharged. 
81.  AVhat  we  have  been  now  saying  of  a  body  NS  that  is 
ovCTcharged  at  one  end>  and  undercharged  at  the  other,  and 
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capable  of  retaining  this  state,  is  appticaUe,  in  every  pibr- 
ticular,  to  two  conducting  bodies  NA  and  SA^  baring  u 
fion-oooducting  body  Z  interposed  between  them,  as  in  fig.  3. 
All  the  formulas,  or  expressions  of  the  forces  which  tend  to 
expel  or  to  draw  in  fluid,  are  the  same  te  before.  Perhaps 
this  is  the  best  way  of  forming  to  ourselres  a  distinct  notion 
of  the  body  that  is  redundant  in  fluid  at  one  end,  and  de- 
fident  at  the  other.  And  we  percdve,  that  the  state  of  tb^ 
two  bodies,  separated  by  the  electric  Z,  inW  be  more  pton^ 
nent  when  one  is  overcharged,  and  the  other  underchaarged, 
than  if  both  are  either  over  or  undercharged. 

22.  It  must  be  remarked,  that  the  quantities/ and  g  wer6 

taken  at  random.      They  may  be  so  taken,  that  the  forc^ 

with  which  the  fluid  tends  to  escape  at  N,  or  to  enter  at  S, 

may  be  nothing,  or  may  even  be  changed  to  their  oppo^te. 

Thus,  in  order  that  there  may  be  no  tendency  to  escape 

from  N,  we  have  only  to  suppose  gr^  *^fr=z  o,  org*  :f=:  r :  /, 

fr  . 

aadg  =*^.     In  this  case,  the  pardde  at  N  is  as  much  at» 

tracted  by  the  redundant  matter  in  SA  as  it  is  repelled  by 
the  redundant  fluid  in  NA. 

23.  When  the  extremity  N  is  rendered  inactive  in  this  man- 
ner, the  condition  of  the  other  extremity  S  is  considerably  chan- 

..  fr 

ged.  To  discover  this  condition,  put  —  in  place  of  g*  in  the 

formula  ^—-.^ — ,  which  expresses  the  attraction  for  a  par- 

tide  at  S,  and  we  obtMn*^       . . 

Qr' 

24.  Onthe  other  hand,  we  may  have  the  redundancy  and 

defidency  so  balanced,  that  there  shall  be  no  tendency  to  in- 

fr' 
flux  at  S.  For  this  purpose,  we  must  make  g  =  -^.   When 

this  obtains  at  S,  the  action  at  N  will  be  had  by  putting 
—  in  place  of  g^in  the  formula q — ,  and  this  will  pve 

-j: for  the  force  repdling  a  partideat  N. 


1^' 
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25.  When  the  tendency  to  e£Elux  or  influx  is  induced  in 
this  manner,  by  a  due  proportion  of  the  redundancy  and  de» 
Stdeacj  of  electric  fluid,  the  part  c^  the  body  where  this  ob- 
tains is  by  no  means  in  its  natural  state,  and  may  contain 
cither  more  or  less  than  its  natural  quantity.  But  it  neither 
acts  like  an  overcharged  nor  like  an  imdercharged  body, 
and  may  therefore  be  called  ktotral.  The  reader  who  is 
conversant  with  electrical  experiments,  will  recollect  number* 
lesa  instances  of  this,  and  will  also  recollect  that  they  arc 
important  ones.  Such,  for  eTampte,  is  the  case  with  the 
{Aates  and  covers  of  the  electrophorua.  These  circumstances^ 
therelbr^  daim  particular  atten^on. 

2&  As  the  quantitiesy* and  g  may  be  so  chosen,  that  the 
apparatus  shall  be  neutral^  either  at  S  or  at  N ;  they  may 

that  either  end  shall  exhibit  either  the  appear- 
of  redmmdancy  or  deficktu^.  Thns,  instead  of  neutrality 
nl  N,  we  may  have  repulsion,  as  at  the  first,  by  makii^  g 

fr 

less  in  any  degree  than  -7.  If^on  the  contrary,^ be  great- 
er 
,  er  than  -7,  the  extremity  N,  though  overcharged,  will  at- 

/r' 
tract  fluid.     In  Kke  manner,  if  g*  be  less  than  — ,  the  ex- 
tremity S,  although  undercharged,  will  repel  fluid.— We 
may  make  the  following  general  remarks. 

27,Firsty  Both  extremities N  and  S  caimot  be  neutral  at  the 
same  time :  for  since  the  neutrahty  arises  from  the  increas- 
ed quantity  of  redundancy  or  deficiency  at  the  other  extre- 
mity, so  as  to  compensate  for  its  greater  distance,  the  acti- 
vity of  that  extremity  must  be  proportionably  greater  on  the 
fluid  adjoining  to  its  surface,  whether  externally  or  inter- 
nally. When  an  overcharged  extremity  is  rendered  neutral, 
the  other  extremity  attracts  fluid  more  strongly ;  and  when 
a  deficient  extremity  is  rendered  neutral,  the  other  repels 
fluid  more  strongly.  All  these  elementary  corollaries  will 
be  fully  verified  afterwards,  and  give  clear  explanations  of 
the  most  curious  phenomena. 


10  ftLEcruicxTr. 

Seeondj  We  have  been  supposing,  that  the  redundant  fluid 
is  uniformly  spread,  and  that  the  body  is  divided  into  equal 
portions ;  but  this  was  merely  to  simplify  the  procedure  and 
the  formulae.  The  reader  must  see,  that  the  general  oon» 
elusions  are  not  affected  by  this,  and  that  similar  formulae 
will  be  obtmned,  whatever  is  the  disposition  of  the  fluid. 
We  cannot  tell  in  what  manner  the  redundant  fluid  is  dis- 
posed, even  in  a  body  of  the  simplest  form,  till  we  know 
what  is  the  variation  of  its  attraction  and  repul^on  by  m 
change  of  distance ;  and  even  when  this  has  been  discover- 
ed, we  find  it  difficult  in  most  cases,  and  impossible  in  many, 
to  ascertain  the  mode  of  distribution.  We  shall  learn  it  in 
some  important  cases,  by  means  of  various  phenomena  ju- 
diciously selected. 

28.  A  body  may  be  considered  in  many  divisions,  in  some 
of  which  the  fluid  is  redundant,  and  in  others  deficient.  We 
may  express  the  repulsion  of  the  whole  of  this  body  in  the 
same  way  as  we  express  that  of  a  body  considered  in  two 
divisions,  using  the  letters/^  g*,  A,  &c.  to  express  the  quan- 
tities of  redundant  or  deficient  fluid  in  each  portion,  while 
Q  expresses  the  quantity  necessary  for  saturating  each  of 
them ;  and  the  repulsion  at  different  distances  may  be  ex- 
pressed by  r,  r',  r",  r"',  &c.  as  they  are  more  and  more 
remote ;  and  we  may  express  their  action  as  attractive  or  re- 
pulsive by  prefixing  the  sign  +  or  — .     Thus  the  attraction 

(fr—gr'+hr-  —  ir''^) 
may  be  — q ,  &c. 

29.  Having  obtained  the  expressions  of  the  invisible  ac- 
tions of  electrified  bodies  on  the  fluid  within  them,  or  sur- 
rounding them,  let  us  now  consider  their  sensible  actions  on 
other  bodies,  producing  motion,  or  tendencies  to  motion. 

Here  it  is  obvious,  that  the  mechanical  phenomena  ex- 
hibited are  what  may  be  called  remote  effects  of  the  acting 
forces.  The  immediate  effects,  or  the  mutual  actions  of  the 
particles,  are  not  observed,  but  hypothetically  inferred.  The 
tangible  matter  of  the  body  is  put  in  motion,  in  consequence 
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oF  its  cmmectioa  with  the  fluid  residing  in  the  body,  which 
ftiid  is  the  only  subject  of  the  action  of  the  other  body. 

In  considering  these  phenomena,  we  shall  content  our- 
selves with  a  mcNre  general  view  of  the  actions  which  take 
jAace  between  the  fluid  or  tangible  matter  of  the  one  body^ 
and  the  fluid  or  matter  of  the  other,  so  as  to  gain  our  pur« 
pose  by  more  simple  formuls  than  those  hitherto  employed. 
They  were  prennsed,  however,  because  we  mutt  have  re* 
course  to  them  on  many  very  important  particular  occasions. 

30.  Let  there  be  two  bodies,  A  and  B,  in  their  natural 
state.  Let  the  tangible  matter  in  A  be  called  M,  and  let  the 
fluid  necessary  for  its  saturation  be  called  F,  and  let  m  andy 
be  the  tangible  matter  and  the  fluid  in  B.  Let  the  mutual 
action  between  a  single  particle  of  fluid  and  the  matter  ne- 
cessary for  its  saturation  be  expressed  by  the  indeterminate 
symbol  z,  because  it  varies  by  a  change  of  distance. 

The  actions  are  mutual  and  equal.  Therefore  when  the 
motion  ot'  B  by  the  action  of  A  is  determined,  the  motion  of 
A  is  also  ascertained.  We  shall  therefore  only  consider  how 
A  is  aflTected.  1.  Every  particle  of  fluid  in  A  tends  toward 
every  pardde  of  matter  in  B  with  the  force  g.  The  whole 
tendency  of  A  toward  B  may  therefore  be  expressed  by  z^ 
multiplied  by  the  product  of  F  and  nu  2.  Every  particle 
of  fluid  in  A  is  repelled  by  every  particle  of  fluid  in  B,  with 
the  same  force  z.  3.  Every  particle  (rf*  matter  in  A  is  at- 
tracted by  every  particle  of  fluid  in  B,  with  the  same  force. 
We  may  express  this  more  deariy  and  briefly  thus  ; 

1.  F  tends  toward  m  with  the  force  +  V  m  z 

2.  F  tends ^^w»/  with  the  force      -r-  F  /  ar 

3.  M  tends  toward  f  mth  the  force  +  Mf  z 

Therefore  the  sensible  tendency  of  A  to  or  from  B  will  be 
=zz  X  F  m  +  M/ —  F/.  But,  by  the  hypothesis,  the 
attraction  of  a  particle  of  the  fluid  in  A  for  a  particle  of  the 
matter  in  B,  is  equal  to  its  repulsion  for  the  particle  or  pa^^ 

VOL.  IV.  1 
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oA  of  ihe  fluid  atUohed  or  competent  to  tb#t  pafIiqIq  of 
mattw.  Therefore  the  attraction  F  ma  ia  baiaue^  by  t^ 
fepulsion  Vfz.  Tberefiwe  there  reiQmii&  the  attraction  of 
the  matter  in  A  for  the  fluid  in  B  unbakp[K9ed}  sind  the  bodjF 
A  will  tend  toward  the  body  B,  with  the  farce  MJ99  (nt  B 
attracts  A  with  the  force  Mfz.  A  must  therefore  move 
toward  B.  And,  by  the  3d  law  of  motion,  B  must  move 
toward  A  with  equal  force. 

31 .  But  the  fact  is,  that  no  tendency  of  any  kind  is  ob- 
served between  bodies  in  their  natural  state.  The  hypothe- 
sis therefore,  is  not  complete.  If  we  abide  by  it,  as  £u:  as  it 
is  already  expressed,  we  must  fiurther  suppose,  that  there  is 
some  repulsive  force  exerted  between  the  bodies  to  balance 
the  attraction  of  M  for^.  Mr.  ^pinus,  therelqre,  suppoaes, 
that  every  particle  of  tangible  matter  repels  another  partiole 
as  much  as  it  attracts  the  fluid  necessary  for  its  saturation. 
The  whole  action  of  B  on  A  will  now  heiziz  xT^*— T7 
—  M  m  +  M/.  Fmjrisbalanoedby  F/jT,  aadMfl^4fbgr 
M ys,  and  no  excess  remains  on  either  uda 

38.  iKpinus  acknowledges,  that  this  drcumstance  appeared 
to  himself  to  be  hardly  admissible;  it  seeming  inccmoeivable, 
thi(t  a  particle  in  A  shall  repel  a  particle  in  B,  or  tend  froi|i 
it,  electiically,  while  it  attracts  it,  or  tends  toward  it>  by 
planetary  gravitation.  We  cannot  conceive  this ;  but  more 
attentive  consideration  shewed  him,  that  there  is  nothing  in 
it  contrary  to  the  observed  analogy  of  natural  operations. 
We  roust  acknowledge,  that  we  see  innumerable  instances 
of  inherent  forces  of  attraction  and  repulsion ;  and  nothing 
hinders  us  from  referring  this  lately  discovered  power  to  the 
class  of  primitive  and  fundamental  powers  of  nature.  Nor 
is  there  any  difficulty  in  reconciling  this  repulsion  with  uni- 
versal gravitation;  for  while  bodies  are  in  their  natural 
state,  the  electric  attractions  and  repulsions  precisely  balance 
each  other,  and  there  is  nothing  to  disturb  the  phenomena 
of  jdanetary  gravitation ;  and  when  bodies  are  not  in  their 
natural  electrical  state,  it  is  a  fact  that  their  gravitaticn  19 
disturbed.    Although  we  cannot  conceive  a  body  tabave  ^ 
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teodaacy  to  another  body,  and  at  the  same  time  a  tendency 
from  it,  when  we  derive  our  notion  of  these  tendencies  en- 
tirely from  our  own  conscHousness  of  effort,  endeavour,  eoim^ 
Uttj  nitus  accedendt  aeu  recedenH,  nothing  b  more  certain  than 
that  bodies  exhibit  at  onoe  the  appearances  which  we  endea^ 
vnur  to  express  by  these  words.  We  can  bring  the  north 
poles  of  two  magnets  near  each  other,  in  which  case  they 
recede  from  each  other ;  and  if  this  be  prevented  by  some 
obstacle,  they  press  on  this  obstacle,  and  seem  to  endeavour 
to  separate.  If,  while  they  art  in  this  state,  we  electrify 
one  of  then,  we  find  that  they  will  now  approach  eadi 
other ;  and  we  have  a  distinct  proof  that  both  tendencies  are 
in  actual  exertion  by  varying  their  distances,  so  that  one  or 
other  force  may  prevail ;  or  by  placing  a  third  body,  whidi 
diall  be  affected  by  the  one  but  not  by  the  other,  See.  We 
do  not  understand,  nor  can  conceive  in  the  least,  how  either 
force,  or  how  gravity,  resides  in  a  body ;  but  the  effects  ans  ' 
past  oontradicUoQ.  It  must  be  granted,  tlierefore,  that  tins 
additional  ciiiouflistaaceof  iEpinusVliypotbeds  has  nothii^ 
in  it  that  is  nepugnant  to  the  observed  phenomena  of  nature. 
N.  B.  It  is  not  necessary  to  suppose  (although  Mr.  iEjHnus 
does  suppose  it),  that  every  atom  of  tan^ble  matter  repels 
every  other  atom.  It  will  equally  explain  all  the  pheno- 
mena, if  we  suppose  that  every  particle  contains  an  atom  or 
ingredient  having  thb  property,  and  that  it  is  this  atom 
alone  which  attracts  the  particles  of  electrical  fluid.  The  ma- 
terial atoms  having  this  property,  and  thMr  corresponding 
atoms  of  fluid,  may  be  very  few  in  comparison  with  the 
number  of  atoms  which  compose  the  tangible  matter.  Their 
mutual  specific  action  being  very  great  in  comparison  with 
the  attraction  of  gravitation  (as  we  certainly  observe  in  the 
action  of  light),  all  the  phenomena  of  eleetrioity  wiU  be  pro- 
duced without  any  sennble  effiaet  on  the  phenomena  of  gra- 
vitation, even  although  neither  the  electric  fluid  nor  its  ally, 
this  ingredient  of  tangible  matter,  should  not  gravitate.  But 
supposition  is  by  no  means  necessary. 
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Since  we  caU  that  the  natural  electrical  state  of  bodies  in 
which  they  do  not  affect  each  other,  and  the  hypothetical 
powers  of  the  fluid  are  accommodated  to  this  condition,  we 
may  consider  any  body  that  has  more  than  its  natural 
quantity  as  consisting  of  a  quantity  of  matter  saturated  with 
fluid,  and  a  quantity  of  redundant  fluid  superadded ;  and 
an  undercharged  body  may  be  considered  as  consisting  of  a 
quantity  of  matter  superadded.  The  saturated  matter  of 
these  two  bodies  will  be  totally  inactive  on  another  body  in 
its  natural  state,  and  will  neither  attract  nor  repel  it,  nor  be 
attracted  nor  repelled  by  it ;  therefore  the  action  of  the 
overcharged  body  will  depend  entirely  on  the  redundant 
fluid ;  and  that  of  the  undercharged  body  will  depend  en- 
tirely on  the  redundant  matter;  therefore  we  need  only 
consider  them  as  consisting  of  this  redundant  fluid  or  mat- 
ter, agreeably  to  what  was  said  in  more  vague  terms  in 
§  10.  and  13.  This  will  free  us  from  the  complicated  for- 
mulae which  would  otherwise  be  necessary  for  expressing  all 
the  actions  of  the  fluid  and  tangible  matter  of  two  bodies  on 
each  other.  The  results  will  be  sufficiently  particular  for 
distinguishing  the  sensible  action  of  bodies  in  the  chief  ge- 
neral cases ;  but  in  some  particular  and  important  cases*  it 
is  absolutely  necessary  to  employ  every  term. 

33.  Firsts  Suppose  two  bodies  A  and  Bj  containing  the 
quantities  F'  and/'  of  redundant  fluid,  it  is  plain  that  their 
mutual  action  is  expressed  by  F'  x/'  +  2,  and  that  it  is  a 
repulsion  ;  for  since  every  particle  of  redundant  fluid  in  A 
repels  every  particle  of  redundant  fluid  in  B  with  the  force 
X ;  and  since  F  and/'  are  the  numbers  of  such  particles  in 
each,  the  whole  repulsion  must  be  expressed  by  the  product 
of  these  numbers. 

34.  Second,  In  like  manner,  two  bodies  A  and  B,  con- 
tmning  the  redundant  matter  M'  and  m\  will  repel  each, 
other  with  the  force  M '  m'  2. 

35.  Third,  And  two  bodies  A  and  B,  one  of  which  A 
contains  the  redundant  fluid  F\  and  the  other  B  contains  the 
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ledimdant matter  sw,  will  attract  each  other  with  the  foreeF 

M'Z. 

36.  Fworthf  It  follows  from  thete  premues,  that  if  dthar 
ofthe  bodies  be  in  its  natural  state,  they  will  neither  attiact 
i»r  repel  each  other  ;  for,  in  sach  a  case,  one  of  the  factors 
F,ar/ ,  or  M%  or  m%  which  is  necessary  for  making  a  pro- 
doct,  is  wanting.  This  may  be  perc^ved  independent  of 
the  mathematical  formula ;  for  if  A  contain  redundant  fliud, 
andBbe  in  its  natural  state,  every  particle  of  the  redundant 
fluid  in  A  is  as  much  repelled  by  the  natural  fluid  in  B  as 
it  is  attracted  by  the  tangible  matter. 

37.  The  three  first  propositions  agree  perfisctly  with  the 
known  phenomena  of  electricity;  for  bodies  repel  each  other, 
whether  both  are  positiwely  or  both  are  negatively  electrified, 
and  bodies  always  attract  each  other  when  the  one  is  poaU 
tively  and  the  other  n^atively  electrified  But  the  fourth 
case  seems  very  inconsistent  with  the  most  ftmiliar  pbeno* 
mensL.  "Dr  YranVUn  and  all  \l\%  fottowers  asacrt,  on  the  coi^ 
tiary,  that  electriSed  bodies^  whether  positive  w  negative, 
always  attiact,  and  are  attracted,  by  all  bodies  which  are  in 
their  natural  state  of  electricity.  But  it  will  be  clearly  shewn 
presently,  that  they  are  mistaken,  and  that  Franklin^s  theory 
necessarily  supposes  the  truth  of  the  fourth  prc^XMitton, 
otlierwise  two  bodies  in  their  natural  state  could  not  be  neu> 
tral  or  inactive,  as  any  one  may  perceive  on  a  very  sUght 
examination  by  the  Franklinian  prindples.  It  will  pccsent- 
ly  appear,  with  the  fullest  evidence;  «id,  in  the  mean  time, 
we  proceed  to  explain  the  action  of  bodies  which  are  over- 
charged in  some  part,  and  undercharged  in  another. 

38.  Let  the  body  B  (fig.  4.)  be  overcharged  in  the  part 
B  a,  and  undercharged  in  the  part  B  «,  and  let/'  and  m  be 
the  redundant  fluid  and  common  matter  in  those  parts ;  let 
A  be  overcharged,' and  contain  the  redundant  fluid  F';  let 
i  and  z'  express  the  intensity  of  acti<m  corresponding  with 
the  distances  of  A  from  the  overcharged  and  undercharged 
parts  of  B;  the  part  Ba  repels  A  with  the  foreeF'/' s, 
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WUIe  the  part  BS  attracts  it  with  the  force  F'm'z:  A  wilt 
therefore  be  attracted  or  repelled  by  B,  according  as  F  m'  m' 
IB  greater  o!f  less  than  Ff  $f ;  that  is,  acoordtdg  as  m'  z*  is 
greater  or  less  than/'  0.  This,  >^in^  depends  on  the  pro« 
portion  of/  to  m%  and  on  the  proportion  of  s  to  0'.  The 
first  depends  on  manj  external  drcumstances,  which  may 
tecasi<>n  a  gteatte  or  less  redundancy  or  deficienoy  of  elec^ 
irical  fluid ;  the  seo6nd  depends  entirely  on  the  law  of  elee* 
trie  attraction  and  repulsion,  or  the  change  produced  in  its 
intensity  by  a  change  of  distance.  As  we  are,  at  present, 
only  aiming  at  very  general  notions,  it  is  enough  to  reooU 
leet,  that  all  the  electric  phenomena,  and  indeed  the  general 
analogy  of  nature,  oonont  in  shewifig  that  the  intensity  of 
both  fbrces  (attraction  and  repul^on)  decreases  by  an  ini- 
ertase  of  distance ;  and  to  combine  this  with  that  Gircunii» 
itat^oe  c£  the  hypothesis  which  states  the  repulsion  to  bt 
equal  to  the  attraction  at  the  sAme  distance ;  therefore  both 
ibroes  vary  by  the  same  law,  and  we  have  0  always  greater 
than  z'.  The  visible  action  of  B  on  A  (which,  by  the  3d 
law  of  motion,  is  accompanied  by  a  umilar  actioil  of  A  on 
B)  may  be  various^  even  with  one  pontion  of  B,  and  will  be 
changed  by  changing  this  position. 

tSrH^  We  may  suppose  that  B  contains^  on  the  whde,  its 
natnral  ^uamity,  but  that  part  of  it  is  abstracted  from  BS, 
and  is  crowded  into  BN.  This  is  a  very  common  case,  as 
•^  shall  see  presently,  and  it  will  be  expressed  in  our  for^ 
fliula,  by  tnahing/'  in  fa\  tn  this  case,  therefore,  we  have 
F  /  0  greater  th«A  If  fa'  z^  because  0  is  greeteir  than  0'.  A 
will  therefore  be  repelled  by  B,  and  will  repel  it ;  and  the 
repulsion  will  be  F  /'  X  *  — 0^. 

It  is  evident,  that  if  A  be  placed  on  thd  other  side  of  B, 
the  appeiiranee^  will  be  revetsed^  and  the  bodies  will  attract 
each  other  with  the  force  1?'/'  X  0^0'. 

It  is  also  plain,  that  if  A  be  as  mueh  undercharged  as  we 
have  supposed  it  overcharged,  all  the  appearances  will  be  re- 
.  versed ;  if  on  the  unde#ehatg6d  sideof  B,  it  will  be  repelled ; 
and  if  on  the  overcharged  side  of  B,  it  will  be  attracted. 
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39.  SeMiij  If  the  redundant  and  defioielicj  in  the  tfN> 
portions  of  B  be  inversely  proportional  to  the  fcMTces^  A>  that 


F':  «'  =  z' :  z,  we  shall  have/'  z=m'  z',  and  m'  =  —t*. 

In  this  case  these  two  actions  balance  each  other,  and  A  ul 

neither  attracted  nor  repelled  when  at  this  precise  dii^tance 

flrom  the  overdiaiged  ade  of  B.  B  may  be  said  to  be  Mu- 

TEAL  with  respeet  tb  A,  although  A  and  the  adjoining  sid# 

of  ft  at«  both  orerehaiged. 

40.  But  if  A  be  plaeed  at  the  same  diatanoe  on  the  other 

side  of  B^  the  eflfect  will  be  very  diifenent :  For  beeauao 

f'z  , 

m'  z=  -p-y  and  vC  z*  is  now  changed  into  m'  z^  ondf  z  into 

fz'y  we  ha^e  Ac  action  on  A  s  F'  x  sry-  •**/'  ^)> » 

F'/'  X  — jp —  ;  that  is^  A  is  strongly  attracted. 

In  like  manner,  /'  and  m'  may  be  so  proportioned,  that 
when  A,  contsamng  redundant  fluid,  is  placed  near  the  un- 
derch^ti^g^  end  rfflBi  it  shall  ndther  he  attraeted  nor  ra» 
pelled,  B  becoming  neutral  with  regard  to  A  at  that  precise 

distance.    For  this  purpose  m!  must  be  =  —  .    And  if  A 
be  no/^  placed  at  the  sHitte  distanee  en  the  other  side  of  B» 

it  will  be  repdl^  with  the  force  F'  f . 

Thu^  wh^n  the  bv^reharged  «nd  \%  inendered  neutial  to 
an  overcharged  body,  Ae  othet  end  sttiongly  iittaractB  it ; 
mid  when  th)e>  tmdertharged  iMid  is  r^dertd  neutral  to  the 
same  body,  the  overehai^  ehd  btit)n^y  repels  it. 

Shntlar  appearatloe^  dre  ^tdiiUted  when  A  is  uodeiu 
CTai^ged; 

Thes^  cases  tsrt  of  frequetit  docurreneof  and  are  import- 
ant, as  will  appear  af^rward*. 

41.  It  id  easy  now  to  see  i^hat  changes  will  bo  made  on 
the  motion  of  B  oh  A,  b]^  changitig  the  propcHrtion  of/'  and 

m'.  If  m'  be  made  greater  than  ~r;  A  will  be  attracted  in 
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the  shuatidn  where  it  was  formerly  neutral ;  and  if  m'  be 
made  less,  A  will  be  repelled,  &c  &a 

Therefore,  when  we  observe  B  to  be  neutral,  or  attrac- 
tive, or  repulsive,  we  must  conclude  that  m'  is  equal  to 

3",  or  greater  or  ]ess  than  it,  &c. 

'  We  have  been  thus  minute,  that  the  reader  may  perceive 
the  agreement  between  this  action  on  a  body  containing  re- 
dundant fluid,  and  the  action  on  the  superficial  fluid  for- 
merly considered  in  $  31,  22,  23,  24.  When  these  things 
are  attended  to,  we  shall  explain,  with  great  ease,  all  the 
curious  phenomena  of  the  electrophorus. 

42.  There  b  another  circumstance  to  be  attended  to  here, 
which  will  also  explain  some  electrical  appearances  that  seem 
very  puzzling.  We  limited  the  inactivity  of  B  to  a  certain 
precise  distance  of  the  body  A.     This  inactivity  required 

fz 
that  m'  should  be  =  — .     If  A  be  brought  tiearer,  both  z 

and  z'  are  increased.   If  they  are  both  increased  in  the  same 

z 
proportion,  the  value  ot-p-  will  be  the  same  as  before,  and 

the  body  A  will  neither  be  attracted  nor  repelled  at  this  new 
distance.  But  if  z  increase  faster  than  z\  we  shall  have/'  z 
greater  than  m  z'^  and  A  will  be  repelled  'r  and  if  z  increases 
more  slowly  than  z\  A  will  be  attracted  by  bringing  it  nearer. 
The  contrary  effects  will  be  ob6erve4  if  A  be  removed  far- 
ther from  the  overcharged  end  of  &  This  explains  many 
curious  phenomena;  and  those  phenomena  become  instruc- 
tive, because  they  enable  us  to  discover  the  law  of  electric 
action,  by  shewing  us  the  manner  in  which  it  diminishes  by 
a  change  of  distance.  Electricians  cannot  but  recollect 
many  instances,  in  which  the  motion  of  the  electrometer  ap- 
peared very  capricious  The  general  fact  is,  that  when  an 
overcharged  pith  ball  is  so  situated  near  the  overcharged  side 
of  the  electrophorus  as  to  be  neutral,  it  is  repelled  when 
brought  nearer,  but  attracted  when  removed  to  a  great  di&- 
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tin.  This  shews  that  z  increases  fiuter  than  r^  vrlien  A 
iibought  nearer  to  S.  Now,  susce  the  bodies  may  he  ag$in 
RDdend  neutral  at  a  greater  distance  than  before^  and  the 
nine  appearances  are  still  observed,  it  follows^  that  the  lair 
of  acdon  is  such,  that  every  diminutkm  of  distance  causes  s 
toincrease  faster  than  z'.  Vfe  shall  find  this  to  be  valuable 
iDformation. 

43.  Lid  us,  m  l\ie  last  place,  inquire  into  the  senable  ef- 
fect on  A  when  it  also  is  parti j  overtharged  and  partly  un- 
derchai^ged.  This  is  a  much  more  oMnplicated  case,  and  is 
susceptible  of  great  variety  of  external  a]>pearanoes,  aooord- 
ing  to  the -degrees  of  redundancy  and  dcficicocy,  and  ac- 
cording to  the  kind  of  electricity  (positive  or  negative)  of 
the  ends  which  front  eadi  other. 

44.  First,  then,  let  the  overcharged  end  of  A  (fig.  5.) 
fiont  the  undercharged  end  of  B,  they  being  oveidiarged  in 
N  and  n,  but  undercharged  in  S  and  t.  Liet  F  and/be  the 
quanuvy  cfi  ftuid natorsX  to  escb;  andlel  F'  and/'  \x  the 
redundancy  in  N  and  «,  and  M'  and  m'  the  deficiency  m 
S  and  #.  Moreover,  Jet  Z  and  Z'  represent  the  inteoBity  of 
actions  of  a  particle  in  N  on  a  particle  in  n  and  #;  and  let 
t  and  z'  r^resent  the  actions  of  a  particle  in  S  on  a  particle 
in  n  and  in  « ;  or,  in  other  words,  let  Z,  Z',  z,  z\  represent 
the  intennty  of  action  between  particle  and  particle,  cor- 
reqKmding  to  the  distances  Njt,  N  a,  S  «,  S  a. 

Proceeding  in  the  same  manner  as  in  the  former  ex- 
amples, we  easily  see,  that  the  aetion  of  B  on  A  is  = 

P  a'  Z  —  ¥'f  Z'  —  M' «'  1  +  M'/'  x' 
p-y ;  the  attractions 

are  considered  as  positive  quantities,  having  the  sign  +  pre- 
fixed to  them,  and  the  repulsions  are  negative,  having  the 
Bgn— . 

Tins  action  will  he  dther  attractive  or  repulsive,  accord- 
ing as  the  sum  of  the  first  and  last  terms  of  the  numerator 
exceeds  or  falb  abort  of  the  sum  of  the  second  and  third : 
And  the  value  of  eadi  term  will  be  greater  or  less,  accord- 
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ing  to  the  quantity  of  redundant  fluid  and  matter,  and  als# 
according  to  the  intensity  of  the  electric  action.  It  would 
require  several  pages  to  state  all  those  possible  varieties. 
We  shall  therefore  content  ourselves  at  present  with  stadng 
the  simplest  GUse ;  because  a  clear  conception  of  this  will  en^ 
able  the  reader  to  form  a  pretty  distinct  notion  of  the  otbe^ 
possible  cases ;  and  also,  because  this  case  is  very  frequent^ 
and  is  the  most  useful  for  the  explanaUcm  of  phenomena. 

We  shall  suppose^  that  the  redundant  part  of  each  body 
18  just  as  much  overcharged  as  the  deficient  part  is  under- 
charged ;  so  that  F'  =  M\  and/'  =  m'.     In  this  case,  the 

formula  becomes  jtt • 

Here  we  see  that  the  sensible  oi^  external  effect  on  A  dt* 
pends  entirdy  on  the  law  of  dectrie  actioui  or  the  variation 
of  its  intensity  by  a  change  of  distatioe.  If  the  sum  of  H 
and  x'  exceed  the  sum  of  Z'  and  e^  A  will  be  attracted ;  but 
if  Z'  +  »'  be  less  than  Z'  +m^A  will  be  repelled.  This 
drcumstanoe  suggests  to  us  a  very  perspicuous  method  of 
expresang  these  actions  between  particle  and  particle,  so 
that  the  imagination  shall  have  a  ready  conception  of  the 
drcumstanoe  which  determines  the  external  complicated  ef* 
feet  of  this  internal  action.  This  will  be  obtained  by  mea* 
suring  off  from  a  fixed  point  of  A  strai^t  line  portions 
respectively  equal  to  the  distances  N  «,  N  »,  S  «,  and  S  n, 
between  the  points  of  the  two  bodies  A  and  B,  where  we 
suppose  the  fiarces  of  the  redundant  fluid  and  redundant 
matter  to  be  concentrated,  and  erect  ordiilates  having  the 
proportion  of  those  forces.  If  the  law  of  action  be  known, 
even  though  v6ry  imperfectly,  we  shall  see,  with  one  glance, 
of  which  kind  the  movements  or  tendencies  of  the  bodies  will 
be.  Thus,  in  fig.  5,  drawing  the  line  C  2r,  take  C  p  =  N  «, 
CfrsNnjCrrzStf,  and  C  ^  =  S  it,  and  erect  the  ordinates 
PP)  Q  99  R  r,  and  T  t.  If  the  electric  action  be  like  all  the 
other  attractions  and  repulsions  which  we  are  fkmiliarly  ac» 
quiunted  with,  decreasing  with  an  increase  of  distance,  and 
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ckcreasing  more  dowlj  as  the  distanees  are  greateri  these 
ordioates  will  be  bounded  by  a  curve  PQRTZ,  which  has 
il8  coQTexitjr  turned  toward  the  axis.  We  shall  presently 
get  full  prdof  that  this  is  the  case  here )  but  we  premise  tUi 
general  view  of  the  subject,  that  we  may  avoid  the  more 
tedious^  but  more  philosophical,  process  of  dedudng  the  na- 
ture of  the  cutve  from  the  phenomena  now  under  con^der«^ 
aeon. 

45.  This  eonstruotion  evidently  tnakes  the  pair  of  ordU 

nates  Pp,  Q  g^  equidi^ant  with  the  pair  R  r,  T  (.  Also^  Pp^ 

R  r,  and  Qq^  T  /,  are  equidistant  pairs.    It  is  no  less  clear, 

that  the  sum  of  Pp  and  T  ^  exceeds  the  sum  ofQq  and 

R  r.    For  if  C  r  be  bisected  in  V,  and  V  v  be  drawn  per« 

pendicular  to  it,  cutting  the  straight  lines  PT  and  QR  in  »' 

and^,  then  xvis  the  half  sum  of  Pp  and  T  ty  and  yv  is 

fliehaifsumof  QfandRr.     Moreover,  if  Qm  and  Tii 

are  drawn  parallel  to  the  base,  we  see  that  Pm  exceeds  Rr; 

and,  in  general^  th«t  if  any  pair  of  equidistant  ordinates  art 

farougbt  nearer  to  C,  their  differenee  increases,  and  viU 

tpcrso.  Also^  if  two  pairs  of  equidistant  ardinates  be  brouf  ht 

nearer  to  C,  etch  pair  by  the  same  quantity,  the  difference 

of  the  nearest  pair  will  increase  more  than  the  difference  of 

the  more  remote  pair.     And  this  will  hold  true,  although 

the  first  of  the  remote  pair  should  stand  between  the  two 

ordinates  of  the  first  pair.     If  the  reader  will  tal^e  the  trou* 

Ue  of  oooaidefing  these  simple  consequences  with  a  little 

attention^  he  will  have  a  notion  of  all  the  effects  that  are  to 

be  expected  in  the  mutual  actions  of  the  two  bodies,  Buffi* 

ciently  precise  for  our  present  purpose.     We  shall  give  a 

much  more  accurate  account  of  these  mathematical  trudiS 

in  treating  the  subject  of  Magnetism,  where  predsion  is 

absolutely  necessary,  and  where  it  will  be  attended  witli 

the  greatest  success  in  the  explanation  of  phenomena. 

46.  Now  let  us  apply  this  to  our  present  purpose.    FirMg 
then.  When  the  ovetdiargcd  end  of  A  b  turned  toward  the 
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undercharged  end  of  B,  A  must  be  attracted ;  for  Pp  -f  T I 
is  greater  than  Q  ^r  +  R  r. 

47.  Secondly.  This  attraction  must  increase  by  bringing^ 
the  bodies  nearer ;  for  this  will  increase  the  difference  be« 
tweeh  P  m  and  R  n. 

48.  Thirdly.  The  attraction  will  increase  by  increasing 
the  length  either  of  A  or  of  B  (the  distance  N  a  remaining 
the  same) ;  for  by  increasing  the  length  of  A,  which  is  re» 
presented  by  p  r  or  9 1,  R  r  is  more  diminished  than  T  £  is. 
In  like  manner,  by  increasing  B,  whose  length  is  represent* 
ed  hy pq  or  rt^  we  diminish  Qq  more  ^lan  T^ 

49.  On  the  other  hand,  if  the  overcharged  end  of  B 

front  the  oTercharged  end  of  A,  their  mutual  action  will  be 

T^f(-Fp  +  Qq  +  Rr  —  Tt) 

• jr? ,  and  A  will  be  repelled^ 

and  the  repulsion  will  increase  or  diminish,  by  change  of 
distance  or  magnitude,  precisely  in  the  same  manner  that 
the  attractions  did.  It  is  hardly  necessary  to  observe,  that 
all  these  consequences  will  result  equally  from  bringing  an 
apparatus  similar  to  that  represented  in  fig.  3.  near  to  aoo-* 
ther  of  the  same  kind ;  and  that  they  will  be  various  ac- 
cording to  the  position  and  the  redundancy  or  deficiency  c^ 
the  two  parts  of  each  apparatus. 

50.  If  the  body  B  of  fig.  5,  is  not  at  liberty  to  approach 
toward  A,  nor  to  recede  from  it,  and  can  only  turn  round  its 
centre  B,  it  will  arrange  itself  in  a  certain  determinate  po- 
rtion with  respect  to  that  of  A.  For  example,  if  the  cen- 
tre B  (fig.  7.)  be  placed  in  the  line  passing  through  S  and  N 
of  the  body  A,  B  will  arrange  itself  in  the  same  straight 
line :  for  if  we  forcibly  g^re  it  another  position,  such  as 
«  B  n,  N  will  attract  s  and  repel  n,  and  these  actions  will  con- 
cur in  putting  B  into  the  portion  s'  B  n\  S,  however,  will 
repel  a  and  attract  it ;  and  these  forces  tend  to  give  the  con- 
trary portion.  But  S  being  more  remote  than  N,  the 
former  forces  will  prevail,  and  B  will  take  the  position 
•  B  n'. 
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If  die  qentre  B  be  placed  somewhere  on  the  line  AD, 
drawn  through  a  certun  point  of  the  body  NAS,  (which  will 
he  determined  afterwards),  at  right  angles  to  NAS,  the  bodj 
B  will  assume  the  position  n  B  8\  parallel  to  NAS,  but 
Bubcontrary.  For  if  we  forcibly  give  it  any  other  position 
s  B  5,  it  is  plain  that  N  repels  n  and  attracts  «,  while  S  at- 
tracts n  and  repels  «.  These  four  forces  evidently  combine 
to  turn  the  body  round  its  centre,  and  cannot  balance  each 
other  till  B  assume  the  position  n'  B  8\  where  n'  is  next  to 
S,  and  s'  is  next  to  N. 

If  the  centre  of  B  have  any  other  situation,  such  as  B', 
the  body  will  arrange  itself  in  some  such  position  as  n'  B'  s\ 
It  may  be  demonstrated,  that  if  B  be  infinitely  small,  so  that 
the  action  of  the  end  of  A  on  each  of  it3  extremities  may  be 
considered  as  eqwd,  B  will  arrange  itself  in  the  tangent  BT 
of  a  curve  NB'S,  such  that  if  we  draw  NB',  SB',  and  from 
any  point  T  of  the  tangent  draw  TE  parallel  to  B'N,  and 
TF  parallel  to  B'S,  we  shall  have  BE  to  BE,  as  the  force  of 
S  to  the  force  of  N.     This  arrangement  of  B'  wiU  be  still 
more  remarkable  and  distinct  if  N  be  an  overcharged  sphere, 
and  S  an  undercharged  one,  and  both  be  insulated.     We 
must  leave  it  to  the  reader^s  reflection  to  see  the  changes 
which  will  arise  from  the  inequality  of  the  redundancy  and 
deficiency  in  A  or  B,  or  both,  and  proceed  to  consider 
the  consequences  of  the  mobility  of  the  electric  fluid.  These 
will  remove  all  the  difficulty  and  paradox  that  appears  in 
some  of  the  foregoing  propositions. 

SI.  Let  the  body  A  (fig.  4.)  contain  redundant  fluid,  and 
let  B  be  in  its  natural  state,  but  let  the  fluid  in  A  be  fixed, 
and  that  in  B  perfectly  moveable ;  it  is  evident  that  the  re-^ 
dundant  fluid  in  A  will  repel  the  moveable  fluid  in  B,  to- 
ward  its  remote  extremity  N,  and  leave  it  undercharged  in 
S.  The  fluid  will  be  rarefied  in  S,  and  constipated  in  N.  We 
need  only  consider  the  mutual  actions  of  the  redundant  fluid 
and  redundant  matter.  It  is  plain  that  things  are  now  in 
the  situation  described  in  §16:   A  must  be  attracted  by 
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B,  because/'  =  m^  and  z  is  greater  than  2\  The  attractive* 
force  18  F'/'  X  (a  — e). 

Thus  we  see  that  the  hypothesis  is  acoommodated  to  the 
phenomena  in  the  c^ise  in  which  it  appeared  to  differ  so 
widely  from  it.  Had  the  fluid  been  immoyeabte,  the  mu- 
tual actions  would  have  so  balanced  each  other  that  no  ex- 
ternal efl^ts  would  have  appeared.  But  now  the  greater 
vicinity  of  die  redundant  matter  prevails^  A  is  attracted  by 
B,  and,  the  actions  being  all  mutual,  B  is  attracted  by  A, 
and  approaches  it. 

58.  We  have  supposed  that  the  fluid  in  A  is  immove- 
able ;  but  this  was  for  the  sake  of  greater  simplicity.  Sup- 
pose it  moveable.  Then,  as  soon  as  the  uniform  distribu- 
tion of  the  fluid  in  B  is  changed,  and  B  becomes  undeiv 
charged  at  5,  and  overcharged  at  n,  there  are  forces  acting 
on  the  fluid  in  A^  and  tending  to  change  its  state  of  distri- 
buticm.  The  redundant  matter  in  S  attracts  the  redundant 
fluid  in  A  more  than  the  more  remote  redundant  fluid  in  n 
repels  it,  because  s'  is  less  than  z.  This  tends  to  constipate 
the  redundant  fluid  of  A  in  the  nearer  parts,  and  render  N 
more  redundant,  and  8  less  redundant  in  fluid  than  before. 
It  is  {datn,  that  this  must  increase  their  mutual  action,  with- 
out dianging  its  nature.  It  can  be  strictly  demonstrated, 
that  however  small  the  redundancy  in  A  may  be,  it  can 
never  be  rendered  deficient  in  its  remote  extremity  by 
the  action  of  the  unequally  disposed  fluid  in  B,  if  the  fluid 
in  B  be  no  more  nor  less  than  its  natural  quantity.  It  is 
also  plain,  that  this  change  in  the  disposition  of  the  fluid'  in 
A  must  increase  the  similar  change  in  B.  It  will  be  still 
more  rarefied  in  s,  and  condensed  in  n ;  and  this  will  go  on 
in  both  till  all  is  in  equilibrio.  When  things  are  in  this  state, 
a  particle  of  fluid  in  B  is  in  equilibrio  by  the  combined  ac- 
tion of  several  forces.  The  particle  B  is  propelled  toward  n 
by  the  action  of  the  redundant  fluid  in  A.  But  it  is  urged 
toward  S  by  the  repulsion  of  the  redundant  fluid  on  the  side 
«f  It,  and  also  by  the  attraction  of  the  redundant  matter  on 
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iSbtt  fiide  at  9;  and  the  repulsion  of  the  redundant  fluid  in  A 
must  be  concmved  as  balancing  the  united  action  of  tboae 
two  forces  rending  in  B. 

£9.  Hence  we  may  conclude,  that  the  density  of  the  fluid 
in  B  will  increase  gradually  from  «  to  n.  It  will  be  ex^ 
tremely  difficult  to  obtain  any  more  precise  idea  of  its  den- 
sity in  the  diffrrent  parts  of  B,  even  although  we  knew  the 
law  of  action  between  ^ngle  particles. 

Tins  must  depend  very  much  on  the  form  and  dimen- 
wms  of  B ;  for  any  individual  particle  sustains  the  sensible 
action  of  all  the  redundant  fluid  and  redundant  matter  in 
it,  since  we  suppose  it  affected  by  the  more  remote  fluid  in 
A.    All  that  we  can  say  of  it  in  general  is,  that  the  density 
in  the  vicinity  of  s  is  less  than  the  natural  density  ;  but  in 
the  vicinity  of  it  it  is  greater ;  and  therefore  there  must  be 
some  point  between  s  and  n  where  the  fluid  will  have  its  na- 
tural density.    This  pmnt  may  be  called  a  NEnraAL  point 
We  do  not  mean  by  this  that  a  pardcle  oC  superficial  fluid 
will  neither  be  attracted  nor  repelled  in  this  place.     This 
will  not  always  be  the  case  (although  it  will  never  be  greaify 
otherwise) ;  nor  will  the  variation  c^  the  density  in  the  dif- 
ferent parts  of  B  be  proportional  to  the  force  of  A  on  those 
parts.   Some  eminent  naturalists  have  been  of  this  opinion ; 
and,  having  made  experiments  in  which  it  appeared  to  be 
otherwise,  they  have  rejected  the  whole  theory.     But  a  lit- 
tle reflection  will  convince  the  mathematidan,  that  the  sum 
of  the  internal  forces  which  tend  to  urge  a  particle  of  fluid 
from  its  place,  and  which  are  balanced  by  the  action  of  A« 
are  iiol  proportional  to  the  variations  of  density,  althougli 
they  increase  and  decrease  together.  We  shall  take  the  pro- 
per opportunity  of  explaining  those  experiqients ;  and  will 
also  conader  some  simple,  but  important  cases,  where  we 
think  the  law  of  distribution  of  the  fluid  ascertained  with 
tolerable  precision. 

If  we  suppose^^  on  the  other  hand,  that  A  is  undercharged, 
the  redundant  matter  in  A  will  attract  the  moveaUo  fluid  in 
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B,  and  will  abstract  it  from  the  remote  extremity,  and 
crowd  it  into  the  adjacent  extremity.  Moreover,  the  fluid 
now  becoming  redundant  in  the  nearer  extremity  of  B,  will 
act  more  strongly  on  the  moveable  fluid  in  A  than  the  more 
remote  redundant  matter  of  B ;  and  thus  fluid  will  be  pro-^ 
pelled  toward  the  remote  side  of  A,  which  will  become  now 
undercharged  in  its  nearer  side,  and  less  undercharged  in 
its  remote  side  than  if  B  were  taken  away.  This  must  in- 
crease the  inequability  of  distributicHi  of  the  fluid  in  B,  and 
both  will  be  put  farther  from  their  natural  state ;  but  A  will 
never  become  overcharged  in  its  remote  extremity. 

Things  being  in  this  state,  it  is  plain  that  A  and  B  will 
mutually  attract  each  other  in  the  same  manner,  and  with 
the  same  force,  as  when  A  was  as  much  overcharged  as  it  is 
now  undercharged. 

54.  Thus,  then,  we  see  how  the  attraction  obtains,  whe- 
ther A  be  over  or  undercharged.  A  fact  which  Dr.  Frank- 
lin could  never  explain  to  his  own  satisfaction ;  nor  will  it 
ever  be  explained  consistently  with  the  acknowledged  priiv- 
ciples  and  observed  laws  of  mechanics  by  any  person  who 
employs  electric  atmospheres  for  this  purpose.  It  is  indeed 
a  sufficient  objection  to  tlie  employment  of  such  electric  or 
other  atmospheres, .  that  the  same  extent  of  attraction  and 
repulsion  between  the  particles  of  the  atmosphere  is  neces- 
sary, as  is  employed  here  between  the  particles  of  the  fluid 
residing  in  the  body ;  and  therefore  they  cease  to  give  any 
explanation,  even  although  their  supposed  actions  wer^  le- 
gitimately deduced  from  their  constitution.  This  is  by  no 
means  the  case.  Let  any  person  examine  seriously  the  modus 
operandi  of  the  electric  atmospheres  employed  by  Lord  Ma- 
hon  (the  only  person  who  has  written  mathematically  on  the 
subject),  and  he  will  see,  that  the  whole  is  nothing  but  figu- 
rative language,  without  any  distinct  perception  of  what  is 
meant  by  these  atmospheres,  as  distinct  from  the  fluid 
moveable  in  the  conducting  bodies,  or  any  perception  how 
the  unequal  density  of  these  atmospheres  protrudes  the  Aw^ 
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hioDg  the  conductor.  Besides,  it  b  well  known  that  a  con- 
ducting wire  becomes  positive  at  one  end,  and  negative  at 
the  other,  by  the  mere  vicinity  of  an  overcharged  and  un- 
dercharged body,  and  this  in  an  instant,  although  it  be 
surrounded  with  sealing-wax,  or  other  non-conductors,  to 
any  thickness :  in  this  case  there  can  be  no  atmospheres  to 
operate  on  the  included  fluid.  To  this  we  may  add  Dr. 
Franklin'^s  judidous  experiment  of  whirling  an  electrified 
ball  many  times  round  his  head,  with  great  rapidity,  by 
means  of  a  siJk  line,  without  any  sensible  diminution  of  its 
electricity.  It  is  not  conceivable  that  an  electric  atmosphere 
could  remain  attached  to  the  ball ;  nor  could  it  be  instanta-^ 
neously  formed  round  the  ball,  in  every  point  of  its  motion, 
so  as  to  be  operative  the  moment  he  stopped  it  and  tried  it ; 
for  this  would  have  exhausted  or  greatly  diminished  the 
electricity  of  the  ball ;  whereas  that  sagacious  philosopher 
affirms  (and  any  person  will  find  it  true),  that  when  the  air 
is  dry,  he  did  not  observe  the  electricity  more  diminished 
than  that  of  another  hail  which  remained  all  the  while  in  the 
same  place. 

55.  Let  the  overcharged  body  A  (fig.  6.)  be  brought  near 
the  ends  of  two  oblong  conductors  B  and  C  in  their  natural 
state,  and  lying  parallel  to  each  other ;  the  fluid  will  be  pro- 
pelled toward  their  remote  ends  N,  n,  where  it  will  be  con- 
densed, while  it  will  be  rarefied  in  the  ends  S  and  «,  adja- 
cent to  A.  Both  will  be  attracted  by  A,  and  will  attract  it. 
But  the  redundant  fluid  in  NB  will  repel  the  redundant 
fluid  in  n  C ;  and  the  redundant  matter  in  SB  will  repel  the 
redundant  matter  in  s  C.  For  this  reason  the  bodies  B  and 
C  will  repel  each  other,  and  will  separate ;  but  SB  attracts 
»  C,  and  NB  attracts  s  C ;  and  on  this  account  the  bodies 
should  approach :  but  the  dbtances  of  the  attracting  parts 
being  greater  than  those  of  the  repelling  parts,  the  repul- 
sions must  prevail,  and^the  bodies  must  really  separate. 

It  is  equally  clear  that  the  very  same  senaibk  appearance 
will  result  from  bringing  an  undercharged  body  near  the 
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ends  of  B  and  C,  although  the  internal  motions  are  just  the 
opposite  to  the  former. 

If  another  body  D,  electrified  in  the  same  way  with  A, 
be  brought  near  the  opposite  ends  of  B  and  C,  it  will  pre- 
vent or  diminish  the  internal  motions,  and  it  should  there- 
fore prevent  or  diinihish  the  external  effects. 

If  another  conducting  body  E  be  brought  near  to  the  end 
«  of  C  that  fronts  A,  it  will  be  affected  as  C  is,  and  the  end/ 
will  repel  « ;  but  if  it  be'  brought  near  the  remote  end,  as  is 
the  case  with  the  body  F,  it  will  attract  this  remote  end.  As 
the  body  A,  containing  more  or  less  than  its  natural  share 
of  electric  fluid,  affects  every  other  body,  while  they  do  not 
(when  out  of  its  naghbourhood)  affect  each  other,  it  is 
usually  said  to  be  the  electrified  body,  and  the  others  are 
said  to  be  electrified  by  it ;  and  since  these  bodies,  when 
perfect  conductors,  cannot  retaxn  their  power  of  exhibiting 
electrical  appearances  (see  §  17),  it  will  be  convenient  to 
distinguish  this  last  electrical  state  by  a  particular  name. 
We  shall  call  it  electricity  by  position,  or  induced 
ELECTRICITY.  It  is  induced  by  position  with  regard  to  the 
permanentiy  electrical  body. 

56.  We  have  supposed,  in  these  last  propositions,  that 
the  fluid  was  perfectly  moveable  in  B,  and,  at  last  also,  in 
A :  but  let  us  examine  the  consequences  of  some  obstruc- 
tion to  this  motion.  Without  entering  into  a  minute  en- 
quiry on  thb  head,  we  may  state  the  obstruction  as  uniform, 
and  such  that  a  certain  small  force  is  necessary  for  causing 
a  particle  of  fluid  to  get  through  between  two  particles  of 
the  common  matter,  just  as  we  conceive  to  happen  in  tena- 
dous  bodies  of  uniform  texture  (see  §  18.) 

It  is  evident  that  when  an  overcharged  body  A  (fig.  5.) 
U  brought  near  such  an  imperfect  conductor  B,  the  fluid 
cannot  be  so  copiously  propelled  to  the  remote  extremity  n. 
We  may  concave  the  state  of  distribution  by  taking  a  con- 
stant quantity  from  the  intensities  of  the  force  of  A  at  every 
point  of  B.    This  circumstance  alone  thews  us,  that  there 
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wU)  not  be  9o  unequable  a  dutribution  of  the  fluid,  and 
therefore  there  will  not  be  9uck  a  strong  atiractUm  between  m- 
ferfici  as  between  ftrfed  eomdMctmn,  But  besides  this,  we  see 
that  an  incomparably  longer  time  must  ekpse  before  things 
come  to  a  state  oi  equilibrium.  Each  particle  of  fluid  env* 
{dojs  time  to  overcome  the  obstacle  to  its  motion,  and  it  can- 
not advance  till  after  the  succeeding  ones,  each  escaping  in 
its  turn,  have  again  come  up  with  the  foremost.  An  iai»  ^ 
portant  consequence  results  from  this.  The  neutral  point» 
where  the  fluid  is  of  the  natural  density,  will  not  be  so  £nr 
fixMn  the  other  body  as  it  would  have  been  without  these 
obstructions ;  and  this  point  will  be  a  considerable  while  of 
advancing  along  the  imperfect  conductor.  At  the  first  ap 
proacb  of  the  overcharged  electric,  the  near  extremity  of 
the  imperfect  conductor  becomes  a  little  undercharged,  and 
the  neutral  point  advances  from  the  very  extremity  a  small 
way,  the  displaced  fluid  being  crowded  a  little  before  it,  and 
giving  way  by  degrees  as  its  foremost  particles  get  past  the 
obstructions.  The  motion  forward  takes  place  over  a  coiw 
nderable  extent  at  the  very  first ;  namely,  in  that  part  of 
the  conductor  where  the  propelling  power  of  the  neighbour- 
ing electric  is  just  able  to  push  a  particle  over  the  obstruc- 
tion. As  the  propulsion  goes  on,  the  neutral  point  must 
gradually  advance,  and  at  last  reach  a  certain  distance,  de- 
termined by  the  degree  of  the  obstruction.  It  is. plain;  that 
the  final  accumulation  at  the  remote  end  of  the  imperfect 
conductor  will  be  less  than  in  a  perfect  conductor,  and  the 
neutral  point  will  be  nearer  to  the  other  end. 

57.  There  is  another  remarkable  consequence  of  the  ob- 
struction. It  must  always  happen  that,  at  the  beginning  of 
the  action,  the  greatest  constipation  wiU  not  be  towards  the 
remote  extremity,  but  in  a  place  much  nearer  to  the  disturb- 
ing cause.  Beyond  tins,  the  constipation  will  diminish.  As 
time  elapses  during  this  operaUon,  this  constipated  fluid  acts 
on  the  fluid  beyond  it  by  repulsion,  and  may  do  this  with 
•uflkient  force  to  displace  some  of  it,  and  render  a  part  ct 
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tfae  inoperfect  conductor  deficient,  with  a  small  constipation 
beyond  it  This  may,  in  like  manner,  produce  a  rarefaction 
farther  on,  follolwred  by  another  condensation ;  and  thrs^may 
be  frequently  repeated  when  the  obstruction  is  very  great, 
and  the  repulsion  of  the  overcharged  body  very  great  alsa 
This  can  be  strictly  ^demonstrated  in  some  very  simple 
cases,  but  the  demonstration  is  very  tedious :  As  the  result, 
however,  is  of  the  first  importance  in  the  theory  of  electricity, 
and  serves  to  eiq>lain  some  of  the  most  abstruse  phenomena, 
we  wish  the  reader  to  have  some  stronger  ground  of  confi- 
denoe  than  the  above  bare  assertion.  He  may  observe  simi- 
lar effects  of  causes  precisely  similar.  If  we  dip  the  end  of 
a  flat  ruler  into  water,  and  if,  after  allowing  the  water  to 
become  perfectly  stilly  we  move  the  ruler  gently  along  in  a 
direction  perpendicular  to  the  face,  we  shall  observe  a  single 
wave  heap  up  before  the  ruler,  and  keep  before  it,  all  the 
rest  of  the  water  before  it  remaining  still :  but  if  we  do  the 
same  thing  in  a  vessel  of  clammy  fluid,  especially  if  the 
clammy  part  is  swimming  on  the  surface  of  a  more  perfect 
fluid,  like  9l  cream,  we  shall  observe  a  series  of  such  waves 
to  curl  up  before  the  ruler,  and  form  l^fore  it  in  succession ; 
and  if  we  have  previously  spotted  the  surface  of  the  cream, 
we  shall  see  that  it  is  not  the  same  individual  waves  that  are 
pushed  before  the  ruler,  but  that  they  are  successively  form- 
ed out  of  different  parts  of  the  surface,  and  that  the  particles 
which,  at  one  time,  form  the  summit  of  a  wave,  are,  imme- 
diately after,  at  the  bottom,  &c.  In  like  manner,  when  a 
cannon  is  fired  in  clear  air,  at  no  great  distance,  we  hear  a 
single  snap ;  but,  in  a  thick  fog,  we  hear  the  snap  both  pre- 
ceded and  followed  by  a  quivering  noise,  resembling  the 
rushing  of  a  fluttering  wind,  which  lasts  perhaps  half  a  se- 
cond. A  slight  reflecjtion  on  these  facts  will  shew  that  they 
Bxe  necessary  results  of  the  mechanical  laws  of  such  ob- 
struction. 

The  consequence  of  this  mode  of  action  must  be,  that  an 
imperfect  conductor  may  have  more  than  one  neutral  point, 
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and  more  than  one  overcharged  and  undercharged  portion, 
80  that  its  action  on  distant  bodies  may  be  extremely  vari* 
ous.  The  formula  of  §  28.  was  accommodated  to  this  case, 
and  will  be  found  to  have  very  curious  results.  Another 
body  may  be  placed  in  the  direction  of  the  axis,  and  will  be 
attracted  at  one  distance,  repelled  when  this  distance  is  in* 
creased,  and  again  attracted  when  at  a  still  greater  distance, 
jbc  2S2C. 

Suppose  the  obstruction  not  to  be  considerable :  The  im- 
mediate operation  of  the  neighbouring  overcharged  body 
will  be  the  production  of  an  undercharged  part  in  the  adr 
joining  extremity,  an  overcharged  part  beyond  this,  an  un- 
dercharged portion  farther  on,  &c.  In  a  little  while  these 
will  shift  along  the  conductor ;  one  after  another  will  dis- 
appear at  the  farther  end,  and  the  body  will  have  at  last 
but  one  neutral  point  A  greater  obstruction  ^ill  leave  the 
body,  finally,  with  more  than  one  neutral  point,  and  their 
.ultimate  number  will  be  greater  in  proportion  as  the  ob- 
struction to  the  fluid^s  motion  is  supposed  greater. 

58.  Now,  let  the  overcharged  body,  the  cause  of  this  ui^ 
equal  distribution,  be  removed.  We  have  seen  §  17.  that 
when  a  body  contains  its  natural  quantity  of  fluid,  but  un- 
equally distributed,  there  is  a  force  acting  on  every  particle, 
and  tending  to  restore  the  origini^  equable  distribution; 
and  that  such  a  force  remains  as  long  as  there  is  any  inequa- 
lity in  this  respect.  If,  therefore,  there  be  no  obstruction, 
the  uniform  distribution  will  take  place  immediately ;  for 
it  is  well  known,  that  the  speed  with  which  electricity  is 
propagated  is  immense.  The  elasticity,  or  the  attractive  and 
repulsive  forces,  must  be  very  great  indeed  when  compared 
with  any  that  we  know,  except,  perhaps,  the  force  which 
impels  the  particles  of  light.  The  electricity,  therefore,  of 
a  perfect  conductor,  that  is,  its  power  of  acting  on  other 
bodies  in  the  same  way  that  an  original  electric  acts  on  them, 
must  be  quite  momentary,  and  cease  as  soon  as  the  inducing 
/:au8e  is  removed.    The  conductor  is  electric^  P^^F^Iy  ^f^ 
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consequence  of  its  position.    Hence  the  propriety  of  our  do^ 
nominations.     Nothing  material  is  supposed  in  this  theorj 
to  be  communicated  firom  the  overcharged  body :  Nay,  this 
theory  teaches,  that  the  sensible  electricity  of  the  over- 
charged body  is  augmented  in  some  respects ;  for  it  beoomek 
more  overcharged  in  the  part  nearest  to  the  conductor.   In- 
deed it  becomes  less  overcharged  on  the  other  end,  and  will 
act  less  forcibly  on  that  side  than  if  the  conductor  were 
away.   It  may  be  remarked  here  (it  should  have  been  men^ 
tioned  in  §  65.),  that  when  F  is  presented  in  the  manner 
shewn  in  fig.  6.  the  body  B  becomes  more  strongly  over- 
charged at  the  end  remote  from  A,  and  more  strongly  un- 
dercharged at  the  end  next  to  A,  than  when  F  is  away. 
The  contrary  rnqy  happen,  by  presenting  a  body  in  the  man- 
ner of  E.  We  wish  these  particulars  to  be  kept  in  mind.  In 
the  mean  time,  all  these  circumstances  are  necessary  conse- 
quences of  the  supposition,  that  nothing  is  communicated 
from  A  to  B  or  C,    The  electricity  induced  on  perfect  con- 
ductors is  momentary,  requiring  the  continual  presence  of  a 
body  that  is  electrified  in  some  way  or  other. 

But  the  case  b  quite  otherwise  in  imperfect  conductOTB. 
When  the  overcharged,  or  otherwise  electrical  body  A  is 
removed,  the  forces  which  tend  to  restore  the  uniform  dis- 
tribution of  the  fluid  immediately  operate,  and  must  restore 
it  in  part  They  cannot,  however,  do  it  completely :  For 
when  the  force  which  urges  any  particle  from  an  overcharged 
to  a;n  undercharged  part  is  just  in  equilibrio  with  the  ob- 
struction, it  will  remain,  just  as  a  number  of  grains  of  small 
shot  may  lie,  uniformly  mixed  with  a  mass  of  clammy  fluid, 
or,  as  such  fluids  retain  heavy  mud,  in  a  state  of  equable  or 
inequable  diffusion.  If  the  resistance  arise  merely  from  the 
inertia  of  the  tangible  matter,  there  is  no  force  so  small  but 
It  will  in  time  restore  the  uniform  distribution.  But  this  can- 
not be  the  case  in  solid  bodies.  Their  particles  exert  lateral 
forces,  by  which  they  maintain  themselves  in  particular  si- 
tuations ;  diese  must  be  overcome  by  superior  forces 


SLXCT&ICITT.*  39 

We  should  therefore  expect,  that  imperfect  conductors 
will  retain  part  of  thieir  inequaUe  coastituticHi ;  and,  in  eet^ 
uquence  of  thisf  their  power  of  affecting  other  bodies  like 
electrics ;  that  is,  their  Elkctbicity.  For  we  must  observe 
(having  n^lected  to  do  it  in  the  b^inning),  that  the  term 
tledricily  is  as  often  used  to  express  this  power  of  producing 
electrical  phenomena  as  it  is  used  for  expressing  a  substance 
supposed  to  be  the  original  cause  of  all  these  appearances. 
It  is  necessary  to  keep  this  distinction  iii  mind;  because 
there  are  many  phenomena  which  clearly  indicate  the  trans- 
ference of  this  cause,  and  they  must  not  be  confounded  with 
others^  where  the  exhibition  of  electric  phenomena  is  evi- 
dently propagated  to  a  distance.  We  must  not  always  sup* 
pose,  that  when  the  electric  appearances  are  exhibited  in  an 
instant  at  the  far  end  of  a  wire  4^  miles  long,  the  same  nu- 
merical parUcl^  of  the  dectric  fluid  have  moved  over  this 
apace.  We  must  distingiuah  those  cases  where  thb  must  be 
granted  firoXn  those  in  which  it  certainly  has  not  happened. 
Of  these  there  4re  innumerable  instances. 

59.  We  have  now  to  observe,  that  by  this  theory  the  sin- 
^e  circumstance  of  perfect  and  imperfect  conducting  power 
is  sufllcient  for  establishing  the  whole  difference  between 
idioreleQtrics  and  non-electrics.  The  idio-electrics  are  sus- 
ceptible of  exdtation  in  various  ways,  and  retiun  their  elec- 
tricity ;  and  this  may  be  done  in  any  part  of  them  without 
affecting  the  rest  in  any  remarkable  degree.  Tliis  cannot 
be  done  in  perfect  conductors^  iplainly  because  they  art  peV' 
feci  conductors.  Apy  inequality  of  distribution  of  the  electric 
^uid,  which  is  all  that  is  necessary  for  rendering  them  elec- 
tric, is  immediately  destroyed  by  its  uniform  diffusion.  We 
can  have  no  direct  proof  of  their  incapability  of  exdtation ; 
but  if  they  can  be  excited,  they  cannot  shew  it  We  doubt, 
however,  their  excitability ;  b«:ause  the  appearances  in  the 
«xiatation  of  electrics  seem  to  indicate,  that  opposite  states 
iof  two  bodies  are  necessary  previous  to  the  appearance  of 
l^lectridty.    This  is  impoanUe  in  perfect  conductors.    By 
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this  theory,  therefore,  perfect  conductors  are  necessarily 
non-electrics ;  and  non»conductors  are  necessarily  (if  exdt^ 
ble)  idio-electrics. 

With  respect  to  the  particular  phenomena  which  may  be 
expected  on  the  removal  of  the  original  electric ;  it  may  just 
be  remarked,  that  the  electric  appearances  of  the  imperfect 
conductor  will  go  off  in  the  contrary  order  to  that  of  their 
indication.     The  accumulation  and  deficiency  will  diminish 
gradually,  and  the  neutral  point  or  points  will  gradually  ap- 
proach the  end  which  had  fronted  the  original  electric.  The 
imperfect  conductor  will  be  finally  left  with  one  or  more 
neutral  pointSj  according  to  the  magnitude  of  the  obstruc- 
tions, and  the  force  which  had  been  employed  in  its  electri- 
fication :  And  their  final  state  will  be  so  much  the  more  iiv* 
equable,  and  consequently  they  will  retain  so  much  the 
greater  electric  powers,  as  they  are  less  perfect  conductors. 
60.  The  last  observation  which  we  shall  make  on  this 
head  at  present  is,  that  whether  electrified  by  induction,  or 
by  friction^  or  most  other  modes  of  excitation,  the  electrifi- 
cation will  be  nearly  superficial  in  bodies  which  conduct  very 
imperfectly ;  and  bodies  which  are  altogether  impervious  (if 
there  be  any  such)  must  have  the  accumulation  or  deficiency 
altogether  at  their  surface.   If  a  glass  globe  be  such  a  body, 
it  will  hardly  be  possible  to  electrify  it  to  any  depth ;  and 
all  that  we  can  expect  is  alternate  strata  of  overcharged  and 
undercharged  glass.     If  these  strata  are  once  formed,  they 
tend  greatly  to  make  the  body  retain  its  superficial  electri- 
dty.   A  superficial  stratum  of  redundant  fluid,  tending,  by 
the  mutual  repulsion  of  its  particles,  to  escape,  is  retiuned 
by  the  stratum  of  redundant  matter  immediately  below  it: 
And  the  almost  insuperable  obstruction  prevents  the  fluid 
of  the  stratum  beyond  this  from  coming  up  to  supply  the 
vacancy.   If  we  can  fall  on  any  contrivance  to  produce  such 
deficient  strata  within  the  glass,  we  shall  make  it  much  more 
retentive,  >and  capable  of  holding  fast  a  much  greater  quan-^ 
ptj.    We  have  already  mentioned  something  of  this  ia 
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§  14.  and  we  reoommend  the  case  to  the  attentive  consider- 
atkni  of  the  reader. 

61.  Thus  have  we  given  a  sketch  of  the  leading  doctrines 
of  this  elegant  theory  of  Mr.  iGpinus,  all  legitimatdy  de- 
duced from  the  circumstances  assumed  in  the  hypbthe^ 
concerning  the  mechanical  properties  of  that  substance  which 
he  calls  the  ckciric  fluid.  Let  us  now  see  with  what  succesi 
this  hjrpothesis  may  be  applied  to  account  for  the  pheno- 
mena. It  would  have  been  more  philosophical  to  have  ar- 
ranged the  phenomena,  and  from  the  comparison  to  have 
deduced  the  hypothesis.  But  this  wou]d  have  required 
much  more  room  than  can  be  afforded  in  a  wcnrk  like  ours. 

We  presume,  that  many  of  our  readers,  namely,  all  such 
as  are  dready  conversant  with  electrical  phenomena  and 
with  electric  experiments,  have  seen,  as  we  went  along,  the 
perfect  agreement  of  the  hypothesis  with  the  various  pheno- 
mena of  altraclion  and  repulsion,  and  all  those  which  are 
usually  classed  under  the  name  of  electric  atmospheres :  and 
we  are  confident,  that  when  they  compare  the  consequences 
that  should  necessarily  result  from  such  a  fluid  with  the  le- 
gitimate consequences  of  the  mechanical  action  of  elastic  at- 
mospheres, they  will  acknowledge  the  great  superiority  of 
this  hypothesis  in  point  of  simplicity,  perspicuity,  and  ana- 
logy with  other  general  operations  of  nature.   To  such  rea- 
ders it  would  not  be  necessary  to  state  any  farther  compari- 
son ;  but  there  are  many  who  have  not  yet  formed  any 
distinct  ystematic  view  of  the  appearances  called  electricoL 
We  do  not  know  any  way  of  giving  such  a  view  of  them  as 
by  means  of  this  hypothesis ;  and  we  may  venture  to  say, 
that  it  will  enable  the  student  of  Nature  to  class  them  all, 
with  hardly  a  single  exception.  After  which,  the  hypothesis 
may  be  thrown  aside  by  the  fastidious  philosopher ;  and  the 
useful  classification,  and  general  laws  of  the  electric  pheno- 
mena, will  remain  ready  foundations  for  a  more  perfect 
iheory.    For  the  sake  of  such  readers,  therefore,  we  shall 
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take  a  short  review  of  those  general  appearances  which  are 
accompanied  by  attractions  and  repulsions,  and  compare 
them  with  this  iGpinian  theory. 

We  shall  not  at  present  consider  the  various  modes  of 
excitation,  although  this  theory  also  affords  much  instruc- 
tion on  the  subject,  but  confine  ourselves  entirely  to  the 
fiicts  which  are  most  immediately  dependent  on  it,  and 
ahould  be  employed  to  support  or  overturn  it ;  and  we  shall 
suppose  the  reader  acquainted  with  most  parts  of  the  com- 
im>n  apparatus ;  such  as  electrometers,  insulation,  &c.  We 
also  presume  that  he  knows,  that  when  a  small  pith-ball  has 
been  electrified  by  touching  a  piece  of  glass  which  has  been 
excited  by  rubbing  with  dry  flannel,  it  will  repel  another 
body  so  electrified ;  and  that  balls,  which  have  received  their 
electricity  in  this  manner  from  sealing-wax  excited  by  the 
.same  rubber,  also  repel  each  other;  but  that  balls,  thus 
electrified  by  glassy  attract  those  which  are  electrified  by 
aealing-wax. 

The  following  simple  apparatus  will  serve  for  all  the  ex- 
periments which  are  necessary  for  establishing  the  theory : 

62.— 1.  Two  slender  glass  rods  A  (fig.  8.),  having  a  brass 
ball  B  at  the  end,  about  a  quarter  of  an  inch  in  diameter, 
8uq)ending  a  very  small  and  delicate  pith-ball  electrcxne- 
ter  C. 

2.  Some  electrometers  (fig.  9.),  consisting  of  two  pieces 
of  rush  pith,  about  four  uiches  long,  nicely  suspended,  and 
hanging  parallel,  and  almost  in  contact  with  each  other.  It 
is  proper  to  have  them  as  smooth  as  possible,  and  neatly 
rounded  at  the  ends,  to  prevent  unnecessary  dissipation. 

3.  Some  pith-ball  electrometers  (fig.  10.),  whose  threads 
are  of  silk,  about  four  inches  long,  and  some  with  flaxen 
threads  moistened  with  a  solution  of  some  deliquescent  salt, 
that  they  may  be  always  in  a  good  conducting  state. 

4.  Several  brass  conductors  (fig.  11.),  each  supported  on 
an  insulating  stalk  and  foot  They  should  be  about  an  inch 
and  half  or  two  inches  long,  and  idx>ut  thtee-iburtbt  of  m 
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prevent  all  diwpation.  The  foot  must  be  so  narrow  as  to 
allow  them  to  toudi  each  other  at  the  end& 

&  Two  balls  (fig.  12.),  one  of  glass,  and  the  other  of 
glass  coated  with  sealing  wax,  eadi  furnished  with  an  insu- 
lating handle,  the  other  end  of  which  may  .be  oecasionallj 
stuck  into  a  foot,  or  into  the  side  of  a  block  of  wood,  whidi 
can  be  slid  up  or  down  on  a  wooden  pillar,  and  fixed  at  anj* 
height.  These  balls  should  be  abcnit  three  inches  in  <fia- 
meter.  Tbey  must  be  excited  by  rnblMng  with  dry  wahn 
flanneL 

6.  Some  little  pieces  of  ^t  card  {fig.  IS.),  about  tito 
inches  long,  half  an  inch  broad,  and  rounded  at  the  €nd% 
and  made  as  smooth  as  posdble,  £iMi  must  hwft  a  dim^ 
pie  struck  in  the  middle  with  a^poiisbed  blunt  point,  so  that 
it  will  traverse  freely  like  a  marinfei's  needle  when  set  on  a 
l^lass  point,  rounded  in  the  flame  of  a  lamp.  More  artifi- 
cial needles  may  Y>e  made  oC  soite  li^Vit  .^ood,  having  small 
cork  balls  at  tbe  ends,  all  gilt  and  poIishe<^  and  turnings  in 
like  manner^  on  glass  stalks :  also  some  similar  needles.made 
of  sealing  wax,  one  end  of  each  being  hhck,  and  theother 
red. 

The  mechaiucal  phenomena  of  dectiicity  may  be  express 
ed  in  a  few  simple  propositions.  The  most  general  fact 
that  we  know,  and  from  which  ail  the  rest  may  be  deduced, 
is  the  following : 

If  any  txxly  A  is  electrified^  by  any  means  whatever,  and 
if  another  body  B  is  brought  into  its  neighbourhood,  jthe 
last  becomes  electrical  by  poution. 

63.  Set  the  brass  conductors  in  a  row,  touching  each  other* 
as  represented  in  fig.  11.  by  A,  B,  C ;  and  leta  pith  ball 
electrometer,  having  sUk  threads,  be  set  near  one  end  of  th^ 
conductors.  Excite  one  of  the  above  mentioned  globes  bjr 
rubbing  it  withdry  flannel.  When  this  is  brought  near  the 
end  of  the  conductor^  the  pitb-ball  wifl  approach  the  otbar 
^d.  But  tbe  gbbe  must  not  be  faconght  so  ileir  as  to  oauae 
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the  pith-bfdl  to  strike  against  the  other  end.  On  removing 
the  globe,  the  pith-ball  will  move  off  and  hang  perpendicu- 
larly.    The  same  effect  is  produced  by  both  globes. 

Thus  the  nie^e  vicinity  of  the  electric  renders  the  con- 
ductor electric,  and  the  electricity  ceases  on  removing  the 
globe.  This  is  perfectly  conformable  to  the  theory,  whe- 
ther we  Mippose  the  fluid  to  be  made  redundant  or  deficient 
at  the  remote  end  of  the  conductor.  If  one  should  ascribe 
the  approach  of  the  pth-ball  to  the  immediate  action  of  the 
globe,  it  is  sufScnentto  observe,  that  if  the  ball  be  suspend- 
ed near  the  side  of  the  conductor,  it  will  approach  the  con- 
ductbr,  i^ewihg  that  it  is  affected  by  the  conductor,  and  not 
by  thegldbe.  ^ 

het  the  globe  be  held  in  the  position  D  (fig.  13.)  about 
six  inches  froin  the'oiHiductor,  and  a  little  above  the  line 
of  its  axis.  Take  the  glass  rod  (fig.  8.),  and  bring  its  knob 
into  contact  with  the  under  side  of  the  remote  end  c  of  the 
conductor.  The  balk  of  the  electrometer  will  separate, 
shewing  that  they  are  electrified  in  the  same  manner,  and 
repel  ^ach  other.  Slide  the  brass  knob  along  the  under 
side  of  the  conductors^  quite  to  the  end  a.  The  balls  will 
gradually  collapse  as  the  knob  approaches  a  point  near  the 
middle  of  the  coiiductors,  where  they  will  hang  parallel. 
Passing  this  point,  they  will  again  separate,  and  most  of  all 
when  the  knob  is  a.  In  this  situation  they  will  deviate  to- 
ward the  globe,  and  will  be  directed  straight  toward  it,  if  it 
be  held  too  near,  or  in  the  direction  of  the  axis.  This  would 
disturb  the  experiment,  and  must  be  avcnded.  These  phe- 
nomena are  conformable  to  the  account  given  of  the  disposi- 
tion of  the  fluid  in  the  conductor.  The  electrometer  may 
be  considered  as  making  a  part  of  the  conductor ;  and  when 
its  threads  hang  parallel,  it  is  in  its  natural  state,  having  its 
fluid  of  its  natural  density.  This,  however,  cannot  be  strict- 
ly true,  according  to  the  theory ;  because  the  balls  of  the 
electrometer  must  be  considered  as  more  remote  from  the 
dectricy  and  their  electrical  state  must  oorrei^nd  to  a  point 
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of  the  conductor  more  remote  than  that  where  the  knob  of 
tbe  electrometer  touches  it  This  will  be  more  remarkaUy 
the  case  as  the  threads  are  longer.  Accordingly,  an  elec* 
trometer  with  very  long  threads  will  never  collapse.  The 
place  of  ihe  neutral  point  cannot  be  accurately  ascertained 
in  this  way.  Lord  Mahon  imagined,  that  its  situation  B 
was  determined  (in  his  experiments  with  a  long  conductor) 
to  be  such,  that  D  c  was  harmonically  divided  in  B  and  a ; 
and  he  finds  this  to  be  agreeable  to  the  result  of  an  electric 
atmosphere  whose  density  is  inversely  proportional  to  the 
square  of  the  distance.  But  we  cannot  deduce  this  from  his 
narration  of  the  experiment  He  gives  no  reason  for  hia 
selection  of  the  point  D,  nor  teUs  us  the  form  and  dimen- 
sions of  the  electric  employed,  nor  takes  into  account  the 
action  of  the  fluid  in  the  long  conductor.  It  is  evident  that 
no  computation  can  be  instituted,  even  on  his  lordship^s 
principles,  till  aU  this  be  done.  We  have  always  found,  that 
the  neutral  pcnnt  was  farther  from  the  electric,  in  proportion, 
as  tbe  conductor  was  smaller,  and  when  the  electricity  was 
stronger ;  and  that  the  differences  in  this  respect  were  so 
very  considerable,  that  no  dependence  could  be  had  on  this 
experiment  for  determining  the  law  of  action.  It  should  be 
so,  both  according  to  Lord  Mahon's  and  Mr  iEpinus^s 
theory.     But  to  proceed  with  our  exam'mation : 

Having  touched  the  end  c  of  the  conductor  with  the  knob 
of  the  electrometer,  bring  it  away.  Tbe  balls  will  continue 
to  repel  each  other,  and  they  are  attracted  by  any  body  that 
is  in  its  natural  state.  Touch  the  same  end  with  the  knob 
of  the  other  electrometer,  and  bring  it  also  away ;  the  balls 
of  the  two  electrometers  will  be  found  to  repel  each  other : 
but  if  one  has  touched  the  conductor  at  c,  and  the  other  has 
touched  it  at  a,  the  electrometers  will  Mrongly  attract  each 
other.  AU  this  is  quite  conformable  to  the  theory.  If  the 
fluid  has  been  compressed  at  c,  and  therefore  the  balls  of 
that  electrometer  are  overcharged,  they  must  repel  each 
other,  and  repel  any  other  body  electrified  in  the  same  way. 
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They  must  attract  and  be  attracted  by  any  natural  body; 
But  the  balls  of  the  other  electrometer  having  touched  the 
conductor  at  a,  must  be  undercharged,  and  the  redundant 
fluid  of  the  one  must  attract  the  redundant  matter  of  the 
other. 

If  the  conductor  has  been  electrified  by  the  vidnity  of 
excited  glass,  the  electrometer  which  touched  it  in  the  re- 
mote end  c,  will  be  repdiled  by  a  jHece  of  excited  glass,  but 
attracted  by  exdted  sealing-wax.  The  electrometer  which 
touched  the  conductor  in  a  will  be  attracted  by  excited  glass, 
and  Repelled  by  exdted  sealing-wax.  The  contrary  will  be 
observed  if  the  conductor  has  had  its  electridty  induced  on 
it  by  the  vidmty  of  the  globe  covered  with  sealing-wax. 
This  is  a  complete  proof  that  Mr.Dufay's  doctrine  of  v^reouf 
and  resvums  electridty  is  unfounded.  Both  kinds  of  elec- 
tridty are  produced  in  a  conducting  body,  without  any  ma- 
terial communication,  by  mere  juxta-position  to  a  body  pos- 
•essed  of  either  the  vitreous  or  the  resinous  electridty. 

64.  We  have  not  yet  mentioned  any  reasons  which  in- 
dicate which  end  of  the  conductor  is  electrical  by  the  re- 
dundancy of  electric  fluid,  nor  is  the  reader  prepared  for 
seeing  their  force.  It  is  generally  believed,  that  the  remote 
end  of  a  conductor  which  is  electrified  by  glass,  exdted  by 
rubbing  it  with  flannel  or  amalgamated  leather,  is  electrical 
by  redundancy.  No  difierence  has  been  observed  in  the 
attractions  and  repuldons.  But  there  are  other  marks  of 
distinction  which  are  constant,  and  undoubtedly  arise  from 
a  difierence  in  the  mode  of  action  of  those  mechanical  forces. 
If,  while  the  excited  glass  globe  remains  at  D,  a  glass  mir- 
ror, foiled  as  usual  with  tin-leaf,  be  made  to  touch  the  re- 
mote end  of  the  conductor,  and  slowly  drawn  transversely, 
80  that  the  conductor  draws  a  line  as  it  were  across  it— this 
mirror 'being  laid  down  with  the  foiled  dde  undermost,  the 
dust,  which  settles  on  it  in  the  course  of  a  day  or  two,  will 
be  chiefly  collected  along  this  line,  somewhat  in  the  form 
of  the  fibres  of  a  feather.   But  if  the  conductor  was  render- 
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i^tlie  conductor  more  remote  tban  that  where  tlie  icnobof 
tkdectrometer  touches  it.  Thii  will  be  more  reauritsUj 
die  case  as  the  threads  are  loi^r.  Accordingly,  on  elec- 
trometer with  very  long  threads  will  never  collapse.  The 
place  of  the  neutral  point  canoot  be  sccuiately  sscertatned 
in  this  way.  Ixifd  Mahon  im^ned,  that  its  situation  B 
ns  determined  (in  his  experiinents  with  a  long  conductor) 
to  be  such,  thai  1)  c  was  harmoiucBlly  divided  in  B  and  a ; 
and  he  tinda  this  to  he  agreeable  to  the  result  of  an  electric 
■tmosphere  whose  dcnsit/  la  inversely  proportional  to  the 
>quare  of  the  distance.  But  we  caootH  deduce  this  from  his 
nvration  of  the  experiment  He  gives  uo  leasoo  for  btM 
idectioa  of  the  point  D,  nor  tells  ua  tibe  form  and  dinwD' 
ma  of  the  electric  employed,  nor  takes  into  aooount  the 
icUon  of  the  fluid  in  the  long  coadudor.  It  is  evident  that 
no  computation  can  be  iosUtuted,  even  on  his  lordship's 
pindples,  till  all  this  be  done.  We  have  always  found,  that 
the  neutxa\  ponvt  wsa  farOier  Crout  the  electiic,  in  proponioa 
as  the  cooduclor  was  smaUer,  and  when  the  electricity  was 
itronger;  and  that  the  diderences  in  this  respect  were  so 
very  considerable*  that  do  dependence  could  be  bad  on  tliis 
experiment  for  determiniDg  the  lavoT action.  It  should  be 
ao,  both  according  to  Lord  Mahon's  and  Mr  jSpinus's 
theory.     But  to  proceed  with  our  examination : 

Having  touched  the  end  c  of  the  conductor  with  the  knob 
of  the  electrometer,  bring  it  away.  The  halls  will  continue 
to  repel  each  other,  and  they  are  attracted  by  any  body  that 
is  in  its  natural  state.  Touch  the  same  eud  with  the  knob 
of  titc  other  electrometer,  and  bring  it  also  away ;  the  balls 
of  the  two  electrometers  will  be  found  to  repel  each  other : 
but  if  one  has  touched  the  conductor  at  c,  and  the  other  baa 
touched  it  at  a,  the  dectrometers  will  strongly  attract  each 
other.  All  this  is  quite  conformable  to  the  theory.  If  the 
fluid  has  been  compressed  at  c,  and  therefore  the  balls  of 
tiiat  electrometer  are  ovenharged,  they  must  repel  each 
*t^i  and  repel  any  other  body  electrified  io  the  same  way> 
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If  all  the  pieces  be  again  joined,  they  are  void  of  electric 
<nty.  Ify  instead  of  such  conductors,  a  row  of  metal  balls^ 
suspended  by  silk  lines,  are  employed,  one  of  them  may 
generally  be  found  without  any  sensible  electricity,  when 
separated  fromjthe  rest^  having  been  the  neutral  part  of  the 
row  while  united. 

These  very  simple  facts  shew,  as  completely  as  can  be 
wished,  that  if  the  electric  phenomena  depend  on  a  fluid 
moveable  in  the  pores  of  the  body,  the  constitution  given  it 
by  Mr  JSpinus  is  adequate  to  the  explanation.  We  may 
now  venture  to  assert,  that  every  other  phenomenon  of  at- 
traction and  repulsion  will  be  found  in  exact  conformity 
with  the  legitimate  consequences  of  this  constitution  of  the 
electric  fluid. 

65.  That  nothing  is  communicated  from  the  electric  will 
appear  still  n^ore  forcibly  by  the  following  experiment :  Let 
a  conductor  be  rendered  electrical  in  the  way  now  described, 
and  touch  either  extremity  of  it  with  the  little  electrometer^ 
and  observe  attentively  the  divergency  o{  its  threads.  Now 
approach  its  more  remote  extremity  with  another  conducting 
body,  such  as  a  single  piece  of  those  conductors,  it  will  be 
rendered  electrical ;  as  may  be  discovered  by  a  delicate  elec- 
trometer. Observe  carefully  whether  the  electrometer  in 
contact  with  the  first  conductor  be  affected :— it  will  gene- 
rally be  found  to  spread  its  threads  widen  It  will  certainly 
be  thus  affected  if  the  other  conductor  be  very  long  and 
bulky,  or  touched  by  the  hand ;  or  if,  instead  of  this  se- 
cond conductor,  we  approach  the  first  with  the  extended 
palm  of  the  hand.  As  the  second  conductor  was  rendered 
electrical,  so,  undoubtedly,  is  the  hand  also :  and  its  electri- 
fication has  not  deprived  the  first  conductor  of  any  of  ita 
electric  power,  but,  on  the  contrary,  has  increased  it  And 
this  augmentation  of  its  power  is  equally  sensible  at  both 
ends :  For  an  electrometer  at  the  other  end  will  also  diverge 
more  when  the  hand  is  brought  near  the  remote  end.  This 
theory  explains  this  in  the  most  satisfactory  manner.    The 


SLECTBICITT.  »  49 

first  oHiductor  renders  the  second  electric,  by  propelling  its 
fluid  to  a  greater  distance.  The  second  conductor  novr  acts 
on  the  fluid  that  is  moveable  in  the  first,  and  causes  a  greater 
accumulation  in  its  end  which  is  farthest  from  the  electric ; 
that  is,  renders  it  more  electric.  «. 

66.  Suppose  that  instead  of  employing  an  excited  globe  of 
glass,  we  had  made  use  of  a  conducting  body,  slightly  over- 
charged. Thus  if  we  employ  the  conductor  A,  overcharged, 
to  induce  electricity  on  C ;  this  will  produce  the  same  gene- 
ral effect  on  our  set  of  conductors.  But  if  we  have  previous- 
ly examined  the  force  of  the  redundant  body,  by  suspending 
a  pith-ball  near  it,  and  observing  its  deviation  from  the  per- 
pendicular, we  may  sometimes  be  led  to  think,  that  it  has 
imparted  something  to  the  other  body.  For  if  the  other  body 
and  the  pith-ball  be  on  opposite  sides  of  the  redundant  body, 
the  pith-ball  will  fall  a  httle ;  indicating  a  diminution  of  elec- 
tric force.  But  this  sAomM  happen  according  to  the  theory ; 
for  it  was  shewn,  in  §  52.  that  the  consUpation  in  the  remote 
end  of  the  overcharged  body  will  be  diminished,  and  along 
with  this,  its  action  on  the  pith-ball.  We  should  find  the 
electricity  of  the  other  end,  next  the  conductor,  increased, 
could  we  discover  an  easy  way  of  examining  it ;  but  an  elec- 
trometer applied  there  wiltbe  too  much  affected  by  the  con- 
duct(»r. 

The  same  conclusions  may  be  drawn  from  the  following 
facts :  Hang  up  a  rush-pith  electrometer.  Approach  it  be- 
low with  a  body  slightly  electrified.  The  legs  of  the  eleo- 
'  trometer  immediately  diverge,  though  attracted  by  the  elec- 
trified body.  Hold  the  hand  above  the  electrometer,  and 
they  will  diverge  still  more;  touch  the  top  of  it,  and  they 
spread  yet  farther.  Hold  the  electrified  body  (very  weakly 
electrified)  above  ^the  electrometer,  so  that  iu  legs  may  di- 
verge a  little.  Hold  the  hand  above  the  electrified  body  ; 
the  legs  of  the  electrometer  will  come  nearer  each  other. 

These  appearanceil  are  observed  whether  the  electric  be 
positive  or  negative.  We  need  not  take  up  time  in  explaining 
this  by  the  theory,  its  agreement  is  so  obvious. 

VOL.  IV.  D 
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LasUy,  on  this  head,  if,  in  place  of  a  fixed  condueloi^ 
use  one  of  the  needles  of  gilt  oard,  set  on  its  pivot,  and  if 
we  then  approach  it  with  another  conducting  body,  in  the 
manner  represented  by  £  and  C  of  fig.  6.  we  shall  obsenre 
that  end  of  the  needle  to  avoid  the  other  body  ;  but  if  we 
bring  them  together,  in  the  manner  represented  by  F  and 
B,  they  will  attract  each  other.  The  attraction  will  be  greater 
wh^  the  body  F  is  long ;  and  most  of  all  when  it  communi* 
Gates  with  the  ground.  These  phenomena  are  therefore  in 
perfect  conformity  with  the  theory ;  but  it  may  sometunea 
happ&i  that  E  will  attract  the  end  of  C  that  is  nearest  to  A, 
and  E  will  be  electrified  positively  if  A  be  positive.  TUa 
leems  ineonaistent  with  the  theory :  and,  accordingly,  it  hm 
been  adduced  by  Volta  against  Lord  Malum^s  account  of  tbi 
^ectrical  state  of  a  conductor  in  a  situation  amilar  to  thai 
of  C  But  the  theory  of  ^{unus  shews  the  possibility  of 
ihit  case.  When  E  ia  very  k>ng,  or  when  it  ia  held  in  tbe 
hand,  it  is  rendered  wmck  laove  undeiehaiged  than  the  ad)*- 
fsent  part  of  C ;  and  the  fluid  in  the  remoter,  but  not  mudi 
vemoter,  part  of  C  is  strongly  attiaoted  by  the  cofuous  «»> 
^undent  matter  in  the  near  end  of  E,  and  is  brought  back 
again,  and  passes  over  into  E,  in  the  way  to  be  described 
immediately.  The  case  isnure,  and  it  will  not  happen  at  any 
considerable  distance  from  the  neutral  point  of  C.  If,  in- 
deed, E  touch  tbe  near  end  of  0  before  A  is  brought  near, 
the  approac)i  of  A  will  cause  fluid  to  pass  into  £  immediate» 
ly,  and  C  will  be  left  undercharged  on  the  whole. 

The  reader,  who  is  at  all  conversant  with  electrical  exp^ 
riments,  will  be  sensible,  that  these  experiments  are  delioftte^ 
Requiring  the  greatest  dimness  of  ur,  and  eyery  attention  to 
prevent  the  disapation  of  electricity  during  the  perfonn- 
mioe*  This,  by  changing  the  state  of  the  oonductora  and 
eleetrometers,  will  frequently  occasion  irr^ularities.  Tbe 
electrometers  are  most  apt  to  change  in  this  respect,  it  being 
acaroely  possible  to  make  them  perfectly  smooth  and  free 
pom  dbaip  angles.  It  may  therefore  happeii,  that  when  the 
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68.  We  need  not  go  over  the  same  ground  again  with  inw 
perfect  conductors.  It  is  well  known  that  such  bodies  are 
more  weakly  attracted  and  repelled ;  that  the  balls  of  an 
electrometer  with  linen  threads  diverge  vastly  more  when 
an  electrified  body  is  held  below  it,  than  if  the  threads 
are  silken  ;  that  such  electrometers  frequently  exhibit  very 
capricious  appearances  from  the  slow  but  real  progress  of 
the  electricity  along  the  threads*  Thete  anomalies  will  be 
better  understood  when  we  explain  the  dissipation  of  elec-» 
tridty  along  imperfect  conductors. 

69.  A  very  essential  deduction  from  the  thecMry  is,  that 
the  electricity,  induced  on  an  imperfect  conductor  must  have 
some  permanency.     This  is  fully  confirmed  by  experiment. 
But  the  remarkable  instances  of  this  particular  cannot  be 
produced  till  we  be  better  acquunced  with  the  methods  of 
producing  great  accumulations  of  fluids     It  is  epough  to 
.observe  at  present,  that  a  permanent  electricity  may  always 
be  observed  at  the  junction  of  the  conductors  with  their  in* 
sulating  stalks.  The  brass  conductor  A  ceases  to  be  electric 
as  soon  as  the  excited  globe  is  removed ;  but  the  very  top 
of  the  glass  stalk  on  which  it  is  supported  will  sensibly  af* 
feet  a  deUcate  electrometer  for  a  long  while  afler.     The  fol- 
lowing pretty  experiment  shews  this  permanency  very  di»* 
Unctly.     Set  one  of  the  sealing-wax  needles  on  its  pivot, 
and  place  it  between  two  insulated  metal  spheres  of  consi- 
derable size,  at  such  a  distance  from  both  as  not  to  rec^ve 
a  spark.     Electrify  these  balls  moderately,  one  of  them  po- 
sitively, and  the  other  negatively,  and  keep  them  thus  elec- 
trified for  some  hours  by  renewing  their  electrification.  The 
needle  quickly  arranges  itself  in  the  Une  joining  the  two 
spheres,  just  as  a  magnetic  needle  will  do  when  placed  bo- 
.tween  two  magnets  whose  dissimilar  poles  front  each  other. 
Any  gentle  force  will  derange  the  needle;    but  it  will  vi- 
brate like  a  magnetic  needle,  and  finally  settle  in  its  former 
position.    When  this  has  been  continued  some  time,  that 
end  of  the  needle  which  pointed  to  the  poative  globe  ymil. 
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70.  It  is  wdl  knewn  that  liquid  sealmg  wax  is  a  oondttct* 
or.  The  writer  of  tbis  article  filled  a  glass  tube  with  pow- 
dered sealing  wax^  and  melted  it,  and  then  exposed  it,  iq 
itsmejted  state,  to  theinftuence  of  a  positite  and  a  negatifO 
globe,  hofODg  to  make  a  powerful  and  perman^t  dadrio 
needle,  which  should  have  two  pedes,  and  exhibit  a  set  of 
phenonmna  resembling  those  of  magnetism.  Acoordin|^j 
he,  in  some  measure,  succeeded^  by  keeping  the  globes  ocaw 
tinually  electrified  fijr  several  hours,  till  the  wax  was  quits 
cold.  It  had  two  distinct  poles,  and  pseserved  this  proper 
ty,  esdi  titMgk  pbmged  in  watery  and  mUk  wmurwtd  in  tke 
water;  but  he  was  greatly  disappointed  as  to  the  degnie  of 
its  electricity.  It  just  affected  a  senrible  electrometer  at  lbs 
dist^moe  of  six  inches  from  either  pole.  It  was  cMBsidsr* 
ably  stronger  than  if  it  had  not  been  melted  during  the  im* 
pronation,  but  by  no  means  in  the  degree  that  he  expect 
ed.  It  retained  some  electrici^  for  about  rix  weeks,  at* 
though  lying  n^lected  among  conduedng  bodies.  Afbet 
its  pofrer  seemed  quite  extinct,  he  was  meldng  it  Again  in 
Offder  to  renew  it  Some  light  fibrous  things  chanced  to  bt 
SKar  it  While  it  was  softenii^,  it  became  very  sensibly 
electrical,  causing  these  fibres  to  bend  towards  it,  and  even 
to  ding  to  the  tube.  We  shall  see  by  and  bye,  that  he  was 
mistaken  in  expecting  more  remarkable  appearances,  and 
.that  the  theory,  when  properly  applied,  does  not  proasise 
theat  Having  thus  estaMishcd  (as  we  think)  this  theory 
on  sufficient  fixmdaUons  for  nudring  it  a  very  perspicuous 
way.  of  explaining  the  phenomena  of  induced  electridty^  wt 
proceed  to  compare  it  with  the  second  general  fact  in  dec- 
tndty. 

71.— *Baor.  II.  When  an  insulated  body  B  is  brought 
vecy  near  an  electrified  body  A,  a  spark  is  observed  to  pass 
between  them,  aeoompamed  with  a  noise  (which  we  shall  cdl 
the  electric  Snap),  and  B  is  now  electrified  permanmtly, 
and  the  electricity  of  A  is  diminished. 
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Ahhou^  this  bie  one  of  theiiKwtfiiiiilkr  Acfa  in  clectrK 
iky,  It  wiU  b^  firoper  to  ooaader  its  ittending  cumnnsCaneei 
m  i  iray  itaX  edntiects  it  with  mbMl  we  lure  now  Jcamed 
eBBwnuDg  electfictty  bj  pontkNt 

Let  the  ittBulited  body  A  (fig.  14)  be  Aimaahcd  with  a 

eotkibiU,  tumg^ng  by  a  nik  thread  {ram  a  glasa  stalk  eon- 

tMBMfedwVlh  A.;  letB  be  fitted  tip  m  the  same  aaniMr;  let 

Abe  ^keanfied  weakly*  add  iu  dqpcee  of  deetncity  be  esti- 

nit^  by  the  indioatioo  of  the  ball  tovartb  A :  wiee  B  is 

not  etecftifledy  its  efectiometcr  will  hang  perpetidicolar ;  bat 

wfaea-it  appfoacfaea  A  (keeping  the  eleetrolDetera  on  the  le* 

taCe  ddea  of  btKh),  its  ekcttonieter  irill  approach  iC,  and 

ibe  daeirwi>ftter  of  A  will  gradually  approach  the  perpen- 

^ttlar.    When  the  bodies  are  brought  Tcry  iiear«  a  spark 

is  fttfen  between  them;  and,  at  thai  ilistaiit,  the  electrome- 

tlr  of  B  eones  taueh  nearer  to  it^  and  that  of  A  dtopa  fiir- 

ther  from  it.    If  they  be  now  sepanded,  theiT  electrometers 

win  retiUn  tbas  new  pouf^ksia  w\i\i  liery  Ultle  drange,  and 

B  will  noir  iBbam^  the  same  kind  of  eleefrieity  with  A. 

Such  ii  the  apfuwraoffe  when  A  has  been  bat  weakly 
eleeirificA     jSrin^ngBnearA,  thefluid  in  B  isdiawn  to 
tbe  remote  aide^  if  A  be  ovAduoged,  or  drawn  to  the  side 
Besfeat  to  A,  if  A  has  been  uiidercharged.    B  acta  on  its 
deettometer  in  eonseqtienee  of  the  diange  made  in  the  dis- 
position of  its  fluid.    The  deetrometer  is  attracted.    In  the 
mean  time,  the  cbai^  made  in  the  cfispoMdon  of  the  fluid 
in  B  affects  the  moveaUe  fliud  in  A«  If  A  waa  orerdiarged, 
the  adjacent  side  of  B  beoomes  underdiarged,  and  its  re- 
dundant matter^  attraebng  the  fluid  in  A^  condenses  it  in 
tbe  adjacent  nde,  abstracting  part  of  the  redundant  fluid 
ffom  that  nde  wbkb  is  next  to  the  pith-ball.  Then  the  jbini 
KtioA  of  tbe  whole  redundant  fluid  In  A  oo  the  pith-ballia 

dimiDished. 

Aa  there  is  now  an  attraction  in  the  redundant  *uia  in  a 
fcr  the  redundaiit  natleir  on  the  adjaoeot  mde  of  B,  Vt  u 
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reasonable  to  suppose,  that  when  this  attraction,  joined  to 
the  repulsion  of  the  redundant  fluid  behind  it,  is  able  to 
overcome  the  attraction  which  connects  it  with  the  superfi* 
cial  particles  of  the  matter,  it  will  then  escape  and  fly  into 
B ;  but  this  will  not  happen  gradually,  but  at  once,  as  soon 
as  tlie  expelling  force  has  arisen  to  a  very  considerable  in- 
tensity. We  cannot  say  what  is  the  precise  augmentation 
that  is  necessary ;  but  we  can  clearly  see,  that  however  great 
the  attraction  for  the  adjoining.particles  may  be,  whUe  the 
particle  is  surrounded  by  them  on  all  sides,  it  will  yield  to 
the  smallest  inequality  of  force,  because  the  particles  before 
it  attract  as  much  as  those  behind  it ;  but  when  it  is  just 
about  to  quit  the  last  or  superficial  particles  of  A,  a  much 
greater  force  is  now  necessary.  It  can  be  strictly  demon- 
strated, that  when  the  mutual  tendency  is  inversely  as  the 
square  of  the  distance,  the  action  of  a  particle  pjaced  imme- 
diately without  a  sphere  of  such  matter  is  double  of  its  ac- 
tion when  situated  in  the  yery  surface.  A  aallm  of  this  kind 
must  obtmn  whatever  be  the  law  of  electric  attraction.  We 
shall  see  other  causes  also  which  should  prevent  the  escape 
of  redundant  fluid,  and  also  its  admission,  till  the  impeUing 
force  is  increased  in  a  certain  abrupt  degree. 

72.  These  observations  must  suifioe  at  present  to  explain 
the  desultory  nature  of  this  transference,  if  there  be  really 
a  transference.  That  this  has  happened,  may  be  confident- 
ly inferred  from  the  sudden  diminution  of  the  electricity  of 
A,  indicated  by  the  sudden  fall  of  its  electroitoeter ;  biit  it 
38  more  expressly  established,  that  there  has  been  a  trans- 
ference by  the  change  produced  on  B.  It  is  now  perma- 
nently electrified,  and  its  electricity  is  of  the  same  kind  with 
that  of  A,  positive  or  negative  acco^ng  as  A  is  positive  or 
negative.  And  now  we  are  enabled  to  explain  the  third  ge- 
neral fact  in  electricity. 

.  73.— Paop  IIJ.  When  a  body  has  imparted  electricity 
to  another^  it  constantly  repels  it,  unless  that  other  has  af- 
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eYidence  of  the  transference  of  heat,  when  we  mix  hot  wa^ 
ter  with  a  quantity  of  cold,  or  when  a  hot  solid  body  is  ap- 
plied to  the  side  of  a  cold  one.  We  also  see  so  many  che- 
mical and  other  changes  produced  by  this  oommunicatioii 
€»f  electricity,  that  we  can  hardly  refuse  admitting  that  Mmc 
malerial  aubatance  passes  from  one  body  to  another,  and,  in 
its  new  situation,  exerts  its  attractions  and  repulsions,  and 
produces  all  their  effects. 

We  may  deduce  the  following  corollaries ;  all  of  which 
are  exactly  conformable  to  the  phenomena,  serring  still  more 
to  confirm  the  justness  of  the  theory. 

74.  Firat^  A  certain  quantity  of  what  possesses  tliese 
powers  of  attraction  and  repulsion  is  necessary  for  giving  a 
determined  viTadty  to  the  appearances.  Another  spark  must 
pass  between  the  bodies,  onfyifthty  be  brought  atUl  nearer^ 
and  tlieir  electrometers  must  rise  and  fall  still  farther.  For 
by  the  first  transference  of  electric  ^uid  into  B,  the  expell- 
ing power  of  A  is  diminidied,  and  the  superior  attraction  of 
the  redundant  matter  in  the  adjacent  side  of  B  is  also  ooun- 
leracted  by  the  repulsion  of  the  fluid  which  has  entered  in- 
to it ;  therefore  no  more  will  follow  unless  these  forctet  be 
increased,  at  least  to  their  former  degree.  When  this  ad- 
dition has  been  made  to  B,  and  this  abstraction  from  A, 
th^  respective  electrometers  must  be  affected.  All  this  is 
in  perfect  conformity  to  experience. 

7&  Seeondy  All  the  phenomena  of  oonmunieated  electrici- 
ty must  be  more  remarkable  in  proportion  to  the  conducting 
power  of  the  bodies.  A  very  imperfect  cMiductor,  such 
ae  glass  or  sealmg  wax,  will  impart  or  ireoove  fluid  only  be- 
tween the  very  nearest  parts;  whereas  a  metalline  body  is 
instantiy  oflected  through  its  whole  extent  This  dcduo- 
tion  it  perfecdy  agreeable  to  the  whole  train  of  electric  ex- 
perimeirta.  The  finger  receives  a  strong  spark  from  a  large 
metalline  ^ectrified  body,  which  discharges  every  part  ofU 
of  a  portion  of  its  electricity.  But  an  excited  globe,  which 
shews,  by^  its  action  on  a  distpnt  body,  as  great  a  degree  of 
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fieetnitjf  will  glvie  only  a  Tery  email  spaili;  and  it  ii  found 
aot  to  be  affected  at  any  eoniiderable  distanoe  from  the 
point  of  its  niifaoe  fram  wbjbh  the  tnuu&renoe  was  madsi 
The  whole  electricity  of  a  perfect  conductor  is  disdiarged 
by  toudnng  it ;  but  a  nonoonduetor  wilt  toccessi?ely  gift 
^Hurki^  if  touched  in  many  diflSerent  parts;  and  it  may  be 
eeen  1^  a  mce  eteotromet^ ,  that  each  oontaot  takes  away 
theeleotridty  only  fimn  amy  small  space  round  it!  audit 
is  further  highly  deservinig  of  notice^  that  some  time  after 
m  aptuk  Ims  basn  obtaiaed  from  a  particular  ^t  of  the  elec- 
tric, a  second  spark  may  be  obtained  from  it,  the  eleetricity 
of  the  nqghbocning  perts  haTing  been  gradually  diflftised 
through  it 

76.  Thtrif  If  n  electrified  conducting  body  toudi  any 
thing  eonmiunioatit^  with  the  ground  by  perfect  conduct- 
ors^ all  its  dectridty  must  disappear,  and  none  can  appear 
m  the  body  londicd  by  it ;  for  the  mass  of  the  earth  bean 
audi  an  umneasumMe  proportion  to  that  <rf  the  greatest 
body  that  we  ean  dectriQr^  that  when  the  redundancy  or 
defldeney  is  dirided  betwMi  them,  it  most  be  impenepci- 
bleinbotfa* 

77.  Henee  the  neoesrity  of  ratwfalfai,  as  it  is  called,  or 
the  surrounding  by  non-conductors  ereiy  body  which  we 
would  have  exhiUt  electric  appearances*.  But  we  must  oo»- 
sidcr,  in  its  proper  ^^Bo^^  the  manner  in  which  the  dectrk 
flmd  is  disripated  by  imperfectly  insulating  substances;  a 
eubject  intimatdy  connoted  with  the  theory. 

7a  Fmniij  Any  unelectrified  body  will  be  first  attracted 
liy  andectrifiedbody,  will  touch  it,  and  will  then  be  rrpell*- 
ed.  Theneutrd  body  is  rendered  dectrical  by  inductkm.  It 
ti,  m  ceRse^Kcaee  o^likw,  attracted,  catoH  near  enough  tore- 
eeire  a  spark,  or  even  touches  it,  and  is  then  declrified  by 
communication ;  and,  la  •eeasegfaaice  ef  Hu^  it  u  rqpdled. 


*  See^tbe  Ai^le  BLtctticrrv  in  Che  TUtRnbttf^  Kueyclopaidiit  for  mofe 
MMMIiMi  oa  ttiis  iib)Mt. 
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This  is  confirmed  by  an  endless  train  of  experiments.  It 
was  first  taken  notice  of  (we  think)  by  Sir  Isaac  Newton. 
Otho  Guericke,  a  gentleman  of  Magdeburgh,  to  whom  we 
owe  the  air  pump,  mentions  many  instances  of  the  repul- 
sion, but  did  not  observe  that  it  was  an  universal  law.  New- 
ton was  so  struck  with  it  as  to  engage  in  a  considerable 
train  of  experiments  in  the  early  part  of  his  life^  while  me- 
ditating on  the  power  of  gravity ;  but  even  his  sagacious 
mind  did  not  observe  the  whole  process  of  nature  in  his  ex- 
periments. He  observed,  that  Uie  light  bodies  which  rose 
and  adhered  to  the  rubbed  plate  of  glass  were  soon  after  re^ 
pelled  by  it ;  but  did  not  observe,  that  the  same  piece  would 
again  rise  to  the  glass  after  it  had  touched  the  table.  This 
fact  is  now  the  foundation  of  many  experiments,  which  the 
itinerant  electricians  vie  with  each  other  in  rendering  very 
amusing.  We  may  render  them  instructive.  Take  away 
the  middle  conductor  B  (fig.  11.),  and  hang  in  its  place  a 
cork  ball  by  a  long  silk  thread.  As  soon  as  the  electric 
body  D  is  brought  near  to  A,  the  ball  is  attracted  by  its  re- 
mote end,  comes  into  ccmtact,  is  repelled  by  it,  and  attract- 
ed by  the  adjacent  end  of  C,  touches  it,  is  faintly  repelled 
by  it,  and  again  attracted  by  A ;  and  the  operation  is  re- 
peated several  times.  When  all  has  ceased,  remove  C,  and 
also  the  electric  D.  G  is  found  to  have  the  same  electricity 
with  D,  and  A  has  the  opposite  electricity.  The  process  is 
too  obvious  to  need  any  detailed  application  sX  the  theory. 
The  cork  ball  was  the  carrier  of  fluid  from  A  to  C  if  D  was 
electric  by  redundancy,  or  from  G  to  A  if  D  was  under- 
charged. If  instead  of  removing  C  when  the  vibrations  €i 
the  ball  have  ceased,  we  bring  D  a  little  nearer,  they  will 
be  renewed,  and,  after  some  time,  will  again  cease.  The 
reason  is  plain.  The  carrier  ball  had  brought  the  conduct- 
or A  into  a  state  of  equilibrium>with  the  action  of  D.  But 
this  action  is  now  increased,  and  the  effects  are  renewed.  If 
w^  now  remove  D,  the  ball  will  vibrate  between  A  and  C 
with  great  rapidity  for  a  considerable  time  before  the  vibn^ 
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VtoDS  cbme  to  an  end ;  and  we  shall  find  their  number  to  be 
the  same  as  before.  The  cause  of  this  is  also  obvious  from 
the  theory.  We  may  suppose  A  to  be  negative,  and  C  po^ 
silive.  One  of  them  will  attract  the  ball  into  contact,  and 
will  repel  it,  having  put  it  into  an  electric  state  opposite  to 
that  of  the  other  conductor.  It  now  becomes  a  carrier  of 
fluid  from  the  positive  to  the  negaUve  conductor,  till  it  near« 
ly  restore  both  to  their  primitive  state  of  neutrality. 

79.  There  is  frequently  a  seeming  capriciousness  in  those 
attractions  and  repulsions.  A  pith-ball,  or  a  down  feather, 
hung  by  silk,  will  cling  to  the  conductor,  or  otherwise  elec* 
trifled  body,  and  will  not  fly  off  again,  at  least  for  a  long 
while.  This  only  happens  when  those  bodies  are  so  dry  as 
to  be  almost  non-conductors.  They  acquire  a  positive  and 
negative  pole,  Uke  an  iron  nail  adhering  to  a  magnet,  and 
are  not  repelled  till  they  become  almost  wholly  positive  or 
negative.     It  never  happens  with  conducting  light  bodies. 

80.— Fi/iA,  It  should  foWow  from  the  theory,  that  tlie  elec- 
tric attractions  and  repulsions  will  not  be  prevented  by  the 
intervention  of  non-conducting  substances  in  their  neutral 
state.     Accordingly,  it  is  a  iact,  that  the  interposition  of  a 
thin  pane  of  glass,  let  it  be  ever  so  extensive,  does  not  hio- 
der  the  electrometer  from  being  affected.     Also,  if  an  insu- 
lated electric  be  covered  with  a  glass  b^U,  an  electrometer 
on  the  outside  will  be  affected.    Nay,  a  metal  ball,  covered 
to  any  thickness  with  sealmg  wax,  when  electrified,  will  af- 
feet  an  electrometer  in  the  same  way  as  when  naked.     We 
cannot  see  how  these  facts  can  be  explained  by  the  action  of 
electric  atmotspheres.     It  is  indeed  said,  that  the  atmo* 
sphere  on  one  side  of  the  glass  produces  an  atmosphere  on 
the  other;  but  we  have  no  explanation  of  this  production. 
If  the  interposed  plate  be  a  non-conductor,  how  does  the 
one  atmosphere  produce  the  other  F     It  must  produce  this 
effect  by  acting  at  a  distance  on  the  particles  which  are  to 
form  this  atmosphere.     Of  what  use,  then,  is  the  atmo- 
sphere^  even  if  those  atmospheres  could  effect  the  observed 
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motions  of  the  etectrometer  in  eoBiiitf  ncy  with  the  laws  of 
mechanics  I  The  atmospheres  only  substitute  atiiUions  of 
attractions  or  repulsions  in  place  <if  one.  We  must  obserre, 
however,  that  the  modcns  of  the  electrometer  are  modified, 
and  sometimes  great! J  changed,  by  the  interposed  non-oon- 
duoting  plate;  but  this  is  awing  to  the  electricity  induced 
on  the  plate.  If  the  electric  is  podtive,  the  adjacent  sur* 
face  c^  the  plate  becomes  fisuntly  negative,  and  the  side  next 
the  electrometer  sli|^tly  positive.  This  affects  the  electro- 
meter even  more  than  the  more  remote  electric  does.  That 
this  is  the  cause  of  the  dtfiference  between  the  state  of  the 
electrometer  when  the  plate  is  there  and  when  it  it  removed, 
will  appear  plainly  by  breathing  gently  on  the  glass  plate 
to  damp  it,  and  give  it  a  small  conducting  power.  This 
will  nuJce  some  change  in  the  position  of  the  electrometer. 
Continue  this  more  and  more,  till  the  plate  will  no  longer 
insulate^  The  changes  produced  on  the  electrometer's  po- 
sition will  fimn  a  regular  series,  till  it  is  seen  to  assume  the 
very  position  which  it  would  have  taken  had  the  plate  been 
brass.  Then,  considering  those  chaises  in  a  contrary  or- 
der, and  supporing  the  series  continued  a  little  farther,  we 
shall  always  find  that  it  leads  to  the  position  which  it  would 
bave  taken  when  no  plate  whatever  is  interposed.  We  con- 
sider this  as  an  important  fact,  shewii^  that  the  deetric  ae^ 
tion  is  similar  to  gravitation,  and  that  there  is  no  mofte  oc- 
casion fcft  the  intervention  of  an  atmosphere  fi»>  explaining 
the  phenomena  of  electricity  than  tox  explaining  those  of 
gravitation. 

81.— jS&^A,  Since  non-electric9»are  conductors,  and  rince 
electrics  may  be  excited  by  friction  with  a'non-electrio,  it  fij- 
lows,  that  if  this  non-electrie  be  insulated,  and  separated 
fiom  the  electric,  it  will  exhilMt  signs  of  eleetrici^ ;  but  when 
they  are  together,  there  must  not  appear  any  marks  of  it, 
however  strong  the  excitation  may  be.  We  do  not  pretend 
to  oomphrehend  distinctly  the  manner  in  which  friction,  or 
the  other  modes  of  excitation,  opoate  in  changing  the  con- 
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j^np  between  th^  parUcles  of  ibe  fluid  Had  thoee  of  the 
ig^liiatter;  iior  ie  Um  expbiuied  in  any  electric  tliflorjf 
ig^  ^«  Ij^Dow :    but  if  we  we  iirtisfied  with  the  evidenced 
Andii  we  Vuive  fpr  the  evifleoce  of  a  subttanoe,  vhote  pn- 
Mieor  ftbsenee  is  the  cmuae  of  the  eleetrie  phenomena,  we 
VilH  grant  that  lU  uaual  oonnection  with  the  tangible  mau 
let  QCbo£ea  *ta  changed  m  the  ad  of  esdtatuMi,  by  frictioD, 
oc  \isij  snj  QjCher  laeana.     In  the  caie  of  frictian  producing 
p(mt\Ye  dectncity  on  the  surface  of  the  electric,  we  rniM 
wppoie  that  the  act  of  fiicdoQ  cauief  one  body  to  emit  or 
fiiiurb  the  fluid  mocw  oopioualy  than  the  other,  or  perhqn 
the  one  to  emit,  and  the  other  to  abcorfai     Which  ever  it 
thocne^  the  adjcnoiag  surfaces  must  be  in  oppoaifie  statei^ 
od  the  one  must  be  aa  much  ovevchaiged  as  the  other  is 
imdcfcharged.     When  the  bodies  (which  we  nay  suppose 
to  ha^e  the  form  of  pktes)  are  joined,  and  the  one  exactly 
covers  the  oilher,  the  assemUajge  must  lie  inactive ;  for  a 
psitide  qS  inifFies3a\eftin&,  iiluated  any  where  on  the  side  of 
the  overcbaiged  plat^  will  he  as  much  attiacted  by  the  ua» 
derchaigfed  surfiuje  of  the  remote  plate  as  it  is  lepeHsd  by 
the  orerchai^ged  surfiuse  of  the  oearplata    The  sufftoes 
•re  equal,  and  equally  dectric,  and  act  on  either  aide  with 
equal  intensity;  and  they  aie  coincident    Therefixe their 
mictions  balance.    The  action  is  expressed  by  the  formuU  of 
§43;  namely,  F'  m'  x  s— rr";  ends— «s'  is  ::?0,  by  reason 
of  the  equal  djslaiiRes  of  theie  surfaces  fiom  the  particle  of 
exterior  fluid. 

But  kt  the  plates  he  separated.  Part,  and  probably  tht 
greatest  part,  of  the  redundant  fliud  on  one  of  the  rubbed 
aui£ma  will  fly  back  to  the  other,  being  urged  both  by  the 
attiaction  cf  the  redundant  matter  and  the  repulsion  of  itt 
ompartideai  But  the deetric, being  electric beeause, sad 
only  hecauae^  it  ia  a  noa^coodttotar,  must  retain  soaie,  or 
viil  remain  depmed  of  wamt^  in  a  stratum  a  Uttle  withia 
the  turftee.     The  two  pktes  must  theref<yre  be  left  in  op. 
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posite  states,  and  the  conducting,  or  non-electric  plate,  if  in^ 
sulated  before  separation,  must  now  exhibit  electric  action. 
All  this  is  exactly  agreeable  to  fact.  We  also  know  that 
electrics  may  be  excited  by  rubbing  on  each  other ;  and  if 
of  equal  extent,  and  equally  rubbed,  they  exhibit  no  electric 
powers  while  joined  together ;  but  when  parted,  they  are 
always  in  opposite  states.  The  same  thing  happens  when 
sulphur  is  melted  in  a  metal  dish,  or  when  Newton'^s  metal 
is  melted  in  a  glass  dish.  While  joined,  they  are  most  per- 
fectly neutral ;  but  manifest  very  strong  opposite  electricities 
when  they  are  separated.  This  completely  disappears  when 
they  are  joined  agam,  and  re-appears  on  their  separation^ 
even  after  being  kept  for  months  or  years  in  favourable  cir- 
cutastanoes.  We  have  observed  the  plates  of  talc,  and  other 
laminated  fossils,  exhibit  very  vivid  electricity  when  split ' 
asunder. 

82.  Attention  to  these  particulars  enables  us  to  construct 
machines  for  quickly  exciting  vivid  electricity  on  the  sur- 
face of  bodies,  and  for  afterwards  exhibiting  it  with  conti- 
nued dispatch.     The  whirling  globe,  cylinder,  or  plate,  6rst 
employed'by  Mr.  Hauksbee,  for  the  solitary  purpose  of  ex- 
amining the  electricity  of  the  globe,  was  most  ingeniously 
Converted  by  Hausen,  a  Grerman  professor,  into  a  rapid  col- 
lector and  dispenser  of  electricity  to  other  bodies,  by  plac- 
ing an  insulated  prime  conductor  close  to  that  part  of  the 
surface  of  the  globe  which  had  been  excited  by  friction. 
Did  our  limits  give  us  room,  we  should  gladly  enlarge  on 
this  subject,  which  is  full  of  most  curious  particular's,  high- 
ly meriting  the  attention  of  the  philosopher.     But  it  might 
easily  occupy  a  whole  volume ;  and  we  have  still  before  us 
the  most  interesting  parts  of  the  mechanical  department  of 
electricity,  and  shall  hardly  find  room  for  what  is  essentially 
requisite  for  a  clear  and  useful  comprehension  of  it.     We 
must,  therefore,  request  our  readers  to  have  recourse  to  the 
<»riginal  authors,  who  have  considered  the  excitation  by 
friction  minutely.    And  we  particularly  recommend  the 
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>i€rf  careful  perusal  of  Beccaria'^s  Dissertations  on  if,  oom. 
pving  the  phenomena,  in  every  step,  with  this  tbeoiy  of 
Apnus.  Much  valuable  information  b  also  obtained  from 
Mr.NWholacm's  observations*.  The  jfipinian  theoiy  will 
be  found  to  connect  many  things,  which,  to  an  ordinary 
reader,  must  appear  solitary  and  aocidentaL 

83.  Seong  t]hat  ibis  very  nmple  hypothesis  of  JEfAnuB 
10  perfectly  coincides  in  its  legitimate  consequences  with  all 
the  general  phenomena  of  attraction  and  repulsion,  and  not 
onlj  with  those  that  are  simple,  but  even  such  as  are  com- 
pounded  of  many  others^^we  may  listen,  without  the  impiK 
tition  of  levity,  to  the  other  evidences  which  maj  be  offer- 
ed for  the  materiality  and  mobility  of  the  cause  of  those  me- 
diaincal  phenomena.     Such  evidences  are  very  numerous, 
and  very  persuanve.    We  have  sud,  that  the  transference 
of  electricity  is  desultory,  and  that  the  change  made  in  the 
dectiic  state  o€  the  oommumcating  bodies  is  always  codn- 
derable.    \t  appears  to  Veep  «oa\e  aeltled  rauo  to  the  whole 
dectric  power  of  the  body.     When  the  form  of  the  parts 
where  the  communication  takes  place,  and  other  cirrurostsn* 
oesy  remain  the  same,  the  transference  increases  with  the 
axe  of  the  bodies ;   and  all  the  phenomena  are  more  vivid 
m  proportion.    When  the  conductor  is  very  large^  the  spark 
is  very  bright,  and  the  snap  very  loud. 

1.  Tlus  snap  alone  indicates  some  material  agent  It  is 
occasoned  by  a  sonorous  undulatkm  of  the  air,  or  of  some 
elastic  flmd,  which  suddmly  expands,  and  as  suddenly  coU 
lapses  again.  But  such  is  the  rapidity  of  the  undulation, 
that  whoi  it  is  made  in  close  vessels  it  does  not  exist  long 
enough,  in  a  very  expanded  state,  to  affect  the  column  of 
water^  supported  in  a  tube  by  the  elasticity  of  the  ur,  ibr 
die  purpose  of  a  delicate  thermometer  or  barometer;  juit 

*  A  foil  tceoimt  of  Kk:h6boB*f  Etperimenta  wOl  be  found  'a  the  mi 
7rut,  1789,  pw  9lS5*  and  ia  thcXnnvtoH  EvcrciiOrJEpMf  Art.  Euctmcity, 

^OLIV.  1> 
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as  a  musket  ball  will  pass  through  a  loose  hanging  sheet  of 
paper  witiiout  causing  any  sensible  agitation. 

2.  The  spark  is  accompanied  by  intense  heat,  which  will 
kindle  inflammable  bodies,  will  melt,  explode,  and  calcine 
metals. 

3.  The  spark  produces  some  yery  remarkable  chemical 
effects.  It  calcines  metals  even  under  water  or  oil ;  it  ren- 
ders Bolognan  phosphorus  luminous:  It  decomposes  water, 
and  makes  new  compositions  and  decompositions  of  many 
gaziform  fluids ;  it  affects  vegetable  colours ;  it  blackens 
the  calces  of  bismuth,  lead,  tin,  luna  cornea;  it  communi- 
cates a  very  peculiar  smell  to  the  air  of  a  room,  which  is  dis- 
tinct from  all  others ;  and  in  the  calcination  of  metals,  it 
changes  remarkably  the  smells  with  which  this  operation  is 
usually  accompanied :  it  affects  the  tongue  with  an  acidu- 
lous taste ;  it  agitates  the  nervous  system. — When  we  oom^ 
pave  thes^  appearances  with  similar  chemical  and  physiolo- 
'gical  phenomena,  which  naturalbts  never  he^tate  in  ascrib- 
ing to  the  action  of  material  substances,  transferable  from 
one  body,  or  one  state  of  combination,  to  another,  we  can 
-aee  no  greater  reason  for  hesitating  in  a3cribing  the  electric 
phenomena  to  the  action  of  a  material  substance ;  which  we 
joiay  call  a  fiuidy  on  account  of  its  connected  mobility,  and 

the  electric  ftuid^  on  account  of  its  distinguishing  effects.  We 
are  well  aware,  that  these  evidences  do  not  amount  to  de- 
monstration; and  that  it  is  possible  that  the  electric  pheno- 
mena, as  well  as  many  chemical  changes,  may  result  fixmi 
the  mere  difference  of  arrangement,  or  position,  of  the  ulti- 
mate particles  of  bodies,  and  may  be  considered  as  the  re- 
sult of  a  change  of  modes,  and  not  of  things.  But  in  the 
instances  we  have  mentioned,  this  is  extremely  improbable. 
We  therefore  venture  to  assume  the  existence  of  this  sub- 
stance, whiph  philosophers  have  called  the  electric  Jbdd,  as 
a  proposition  abundantly  demonstrated ;  and  to  affirm,  on 
the  authority  of  all  the  above-mentioned  facts,  that  its  me* 
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as  to  say  how,  the  fluid  must  be  distributed  (at  least  in  sdmtf 
simple  and  instructive  cases)  in  a  perfectly  conducting  bo^ 
dy  surrounded  by  the  air,  and  what  will  be  its  action  on  an- 
other body.  Thus  we  shall  obtain  ostensible  results,  which 
we  can  compare  with  experiments.  The  writer  of  this  arti- 
cle made  many  experiments  with  this  view  above  30  years 
ago,  and  flatters  himself  that  he  has  not  been  unsuccessful 
in  his  attempts.  These  were  conducted  in  the  most  obvious>> 
and  simple  manner^  suggested  by  the  reasonings  of  Mr. 
iEpinus;  and  it  was  with  singular  pleasure  that,  some  years 
after,  he  perused  the  excellent  dissertation  of  Mr.  Caven- 
dish in  the  Philosophical  Transactions,  vol.61,  where  he 
obtained  a  much  fuller  conviction  of  the  truth  of  the  con- 
clusion which  he  had  drawii,  in  a  ruder  way,  from  more  fa- 
miliar appearances.  Mr.  Cavendish,  has,  with  singular  sa« 
gacity  and  address,  employed  his  mathematical  knowledge 
in  a  way  that  opened  the  road  to  a  much  farther  and  more 
sdentific  prosecution  of  the  discovery,  if  it  can  be  called  by 
that  name.  After  this,  Mr.  Coulomb,  a  distinguished  mem-> 
ber  of  the  French  academy  of  sciences,  engaged  in  the  same 
research  in  a  way  still  more  refined ;  and  supported  his  con« 
elusions  by  some  of  the  most  valuable  experiments  that  have 
been  offered  to  the  pubhc  We  shall  now  give  a  very  brief 
account  of  this  argument :  and  have  premised  these  histori- 
cal remarks ;  because  the  writer,  although  he  had  establish- 
ed the  general  conclusion,  and  had  read  an  account  of  his 
investigation  in  a  public  society  in  1769,  in  which  it  was 
applied  to  the  most  remarkable  facts  then  known  in  electri- 
city, has  no  claim  to  the  more  elaborate  proofs  of  the  same 
doctrine,  which  are  given  in  some  of  the  following  para- 
graphs. These  are  but  an  appUcation  of  Mr.  Cavendishes 
more  cautious  and  general  mathematical  procedure,  to  the 
function  which  the  writer  apprehends  to  be  sufficiently  es- 
tablished by  observation. 

The  most  unexcepUonable  experiments  with  which  we 
can  begin,  seem  to  be  the  repulsions  observable  between 


70  iLECTBICITY. 

long,  and  terminates  in  a  gilt  and  burnished  oork-ball  (or 
a  ball  of  thin  metal),  a  quarter  of  an  inch  in  diameter.   The 
tipper  part  CD  is  of  the  same  length,  and  passes,  with  somt 
friction,  through  a  small  cork-ball.     This  part  of  the  in- 
strument is  so  proportioned,  that  when  FE  is  perpendicular 
to  the  horizon,  and  DCfi  hangs  freely,  the  balls  B  and  A 
just  touch  each  other.     Fig.  16.  gives  a  side  perspective 
view  of  the  instrument.     The  ball  F  is  fixed  on  the  end  of 
the  glass  rod  FI,  which  passes  perpendicularly  through  the 
centre  of  a  graduated  circle  6HO,  and  has  a  knob  handle 
of  boxwood  on  the  farther  end  I.  This  glass  rod  turns  stiffly, 
but  smoothly,  in  the  head  of  the  pillar  HK,  &c.  and  has  an 
index  NH,  which  turns  round  it     This  index  is  set  paraL 
lei  to  the  line  LA,  drawn  through  the  centre  of  the  fixed 
ball  of  the  electrometer.     The  circle  is  divided  into  360  d^ 
grees,  and  0  is  placed  uppermost,  and  90  on  the  right  hand. 
Thus  the  index  will  point  out  the  angle  which  LA  makes 
with  the  vertical.     It  will  be  convenient  to  have  another 
index,  turning  stiffly  on  the  same  axis,  and  extending  a  good 
way  beyond  the  circle. 

This  instrument  is  used  in  the  following  manner :  A  con* 
section  is  made  with  the  body  whose  electricity  is  to  be 
examined,  by  sticking  the  point  of  the  connecting  wire  into 
the  hole  at  F  till  it  touch  the  end  of  the  needle ;  or  if  we 
would  merely  electrify  the  balls  A  and  B,  and  then  leave 
them  insulated,  we  have  only  to  touch  one  of  them  with  an 
electrified  body.  Now  take  hold  of  the  handle  I,  and  turn 
it  to  the  right  till  the  index  reach  90.  In  this  position,  the 
line  LA  is  horizontal,  and  so  is  CB ;  and  the  moveable  ball 
B  is  resting  on  A,  and  is  carried  by  it.  Now  electrify  the 
balls,  and  gently  turn  the  handle  backwards,  bringing  the 
index  back  towards  0,  &c.  noticing  carefully  the  two  balls. 
It  will  happen  that,  in  some  particular  position  of  ^the  in* 
dcx,  they  will  be  observed  to  separate.  Bring  them  toge- 
ther again,  and  again  cause  them  to  separate,  till  the  exact 
position  at  separation  is  ascertained.    This  will  shew  their 
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electric  repulsion.  As  it  now  standsi  we  imagine  that  it  has  , 
considerable  advantages  over  Mr.  Brookes^s  construction ; 
and  also  over  Mr.  De  Luc^s  comparable  electrometer,  de- 
scribed in  his  Essays  on  Meteorology.  It  has  even  advan- 
tages over  Mr.  Coulomb^s  incomparably  more  delicate  elec- 
trometer, which  is  sensible,  and  can  measure  repulsions  which 
do  not  exceed  the  50,000  of  a  grain ;  for  the  instrument 
which  we  have  described  will  measure  the  attractiona  of  the 
oppositely  electrified  bodies ;  a  thing  which  Mr.  Coulomb 
could  not  do  without  a  great  circuit  of  experiments.  For 
instead  of  making  the  ball  B  above  A,  by  inclining  the  in- 
strument to  the  right  hand,  we  may  incline  it  to  the  left ; 
and  thqn,  by  electrifying  one  of  the  balls  positively,  and  the 
other  negatively,  when  at  a  great  distance  from  each  other, 
their  mutual  attraction  will  cause  them  to  approach ;  CB 
will  deviate  from  the  vertical  toward  A ;  and  we  can  com- 
pute the  force  by  means  of  this  deviation. 

We  must  remind  the  person  who  would  make  observa- 
tions with  this  instrument,  that  every  part  of  it  must  be  se- 
cured agmnst  dissipation  as  much  as  possible,  by  varnishing 
all  its  parts,  by  having  all  angles,  points,  and  roughnesses 
removed,  and  by  choosing  a  dry  state  of  the  air,  and  a  warm 
room ;  and,  because  it  is  impossible  to  prevent  dissipation 
altogether,  we  must  make  a  previous  course  of  experiments, 
in  a  variety  of  circumstances,  in-order  to  determine  the  di- 
minution per  minute  corresponding  to  the  circumstances  of 
the  experiments  that  are  to  be  made  with  further  views. 

We  trust  that  the  reader  will  accept  of  this  particular 
account  of  an  instrument  which  promises  to  be  of  consider- 
able service  to  the  curious  naturalist ;  and  we  now  proceed 
with  an  account  of  the  conclusions  which  have  been  drawn 
from  observations  made  with  it. 

Here  we  could  give  a  particular  narration  of  some  of  the 
experiments,  and  the  computations  made  from  them ;  but 
we  omit  this,  because  it  is  really  unnecessary.  It  suffices  to 
say,  that  the  writer  has  made  many  hundreds,  with  difier-* 
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We  therefore  think  that  it  may  be  concluded,  that  the 
acdon  between  two  spheres  is  exactly  in  the  inverse  dupricate 
ratio  of  the  distance  of  their  centres,  and  that  this  difference 
between  the  observed  attractions  and  repulsions  is  owing 
to  some  unperceived  cause  in  the  form  of  the  experiment 

88.  It  must  be  observed  also,  that  the  attractions  and  repul- 
sions, with  the  same  dendty  and  the  same  distances,  were^ 
to  all  «ense,  equal,  except  in  the  forementioned  anomalous 
experiments.  The  mathematical  reader  will  see,  that  the 
above-mentioned  irregularities  are  imperfections  of  expeii- 
ment,  and  that  the  gradations  of  this  function  of  the  dis* 
tanoes  are  too  great  to  be  much  affected  by  such  small  ano. 
malies.  The  indication  of  the  law  is  precise  enough  to 
make  it  worth  while  to  adopt  it,  in  the  mean  time,  as  a  hypih 
(Aeftu,  and  then  to  select,  with  judgment,  some  legitimate 
consequences  which  will  admit  of  an  exact  comparison  with 
experiment,  on  so  large  a  scale,  that  the  unavoidable  errors 
of  observation  shall  bear  but  an  insignificant  proportion  to 
the  whole  quantity.  We  shall  attempt  this :  and  it  is 
peculiarly  fortunate,  that  this  observed  law  of  action  be- 
tween two  spheres  gives  the  most  easy  access  to  the  law  of 
action  between  the  particles  which  compose  them ;  for  Sir 
Isaac  Newton  has  demonstrated  (and  it  is  one  of  his  most 
precious  theorems,)  that  if  the  particles  of  matter  act  on  each 
other  with  a  force  which  varies  in  the  inverse  duplicate 
ratio  of  the  distances,  then  spheres,  consisting  of  such  par- 
ticles, and  of  equal  density  at  equal  distances  from  the  cen- 
tre, also  act  on  each  other  with  forces  varying  in  the  same 
proportion  of  the  distances  of  their  centres.  He  demon- 
strates the  same  thing  of  hollow  spherical  shells.  He  de- 
monstrates that  they  act  on  each  other  with  the  same  force 
as  if  all  their  matter  were  collected  in  their  centres.  And, 
lastiy,  he  demonstrates  that  if  the  law  of  action  between  the 
particles  be  different  from  this,  the  sensible  action  of  spheres, 
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Cur.  1.  The  same  will  be  true  of  the  action  of  plates  of 
equal  thickness  and  equal  density ;  or,  in  general,  having 
such  thickness  and  density  as  to  contain  quantities  of  matter 
or  fluid  propOTtional  to  their  areas. 

8.  The  action  of  all  such  sections  made  by  parallel  plane% 
or  by  planes  equally  inclined  to  their  axis,  are  equal. 

3.  llhe  tendency  of  a  particle  F  to  a  plane,  or  plate  <^ 
uniform  thickness  and  d^oaty,  and  infinitely  extended,  or 
to  a  portion  of  it  bounded  by  the  same  pyramid,  is  the  same, 
at  whatever  distance  it  be  placed  from  the  plate,  and  it  b 
always  perpendicular  to  it 

4.  This  ten4ency  is  proportional  to  the  density  and  tluck- 
ness  of  the  plate  or  plates^jointly. 

It  is  only  in  two  cnr  three  simple  cases  that  we  can  pro- 
pose to  state  with  precision  what  will  be  the  disposition  and 
action  of  the  electric  fluid  in  bodies ;  but  we  shall  select  those 
'  that  are  most  instructive,  and  connected  with  the  most  re- 
markable and  important  phenomena. 

92.  Let  A  a  d  D  (fig.  18.)  and  E  e  A  H  represent  the  sections 
of  a  part  of  two  infinitely  extended  parallel  plates  (which  we 
shall  call  A  and  £),  consisting  of  solid  conducting  matter^ 
in  which  the  electric  fluid  can  move  without  any  obstruction, 
but  firom  which  it  cannot  escape. 

Firsts  Let  them  be  both  overcharged,  A  containing  the 
quantity  r  of  redundant  fluid,  and  £  containing  the  quan* 
tity  s,  and  let  r  be  greater  than  s. 

The  fluid  will  be  disposed  in  the  following  manner  : 

1,  There  will  be  two  strata,  A  a  i  B  and  GL g*  A  H,  ad» 
joining  to  the  remote  surfaces,  in  each  of  which  the  quan« 

T  "f*  8 

tity  — ~  will  be  crowded  together  as  close  as  possible. 

2.  Adjoining  to  the  interior  surface  (that  is,  the  surface 
nearest  to  £)  of  the  plate  A,  there  will  be  a  stratum  C  c  d  D, 

containing  the  quantity  -g     crowded  together. 


s 
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8»   The  stratum  C  cd  D  will  contain  redundant  fluiS 

— g— ,  crowded  close. 

&  The  stratum  £  e  /F  wiU  be  deprived  of  fluid,  antL 

^  — r 
the  quanti^  abstracted  is  — s"*. 

4.  The  spaces  B  &  c  C  and  F  fg  G  are  in  the  naturaK 
state. 
The  demonstration  is  the  same  as  in  the  former  case. 

95.  Thirdfyf  Let  A  be  overcharged,  and  £  undercharged, 
A  containing  the  redundant  fluid  r,  and  £  wanting  the  fluid  f  ; 
and  let. r  be  greater  than  «.     Then, 

1.  The  strata  A  a  6  B  and  G  ghH  contain  the  re- 

r  *— « 
dundant  fluid  — q— ,  crowded  close. 

2.  The  stratum  C  c  d  D  contuns  the  quantity      g   i 

crowded  dose. 
3*    The  stratum  £  e/F  is  exhausted,  and  wants  the 

r  +* 
quantity  -  g"  ■ 

4.  The  rest  is  in  the  natural  state. 

96.  Cor.  2.  If  the  redundant  fluid  in  A  be  just  suflBcient  to 
saturate  the  redjjindant  matter  in  £,  the  two  remote  sur- 
faces  will  be  in  their  natural  state,  all  the  redundant  fluid  in 
A  being  crowded  into  the  stratum  C  c  d  D,  and  all  the  redun- 
dant matter  being  in  £  «/F. 

This  disposition  will  be  the  same,  whatever  is  the  distance 

or  thickness  of  the  plates,  unless  the  redundant  fluid  in  A 

be  more  than  can  be  contwied  in  the  whole  of  £  when 

crowded  close. 

97.  When  the  two  plates  are  overcharged,  the  fluid  presses 

3 

their  remote  surfaces  with  the  force  — 7— >  and  would  escape 

with  that  force  if  a  passage  were  opened.     It  would  enter 
the  remote  surfaces  of  two  underdiarged  plates  with  the 


SDcfcTK;  snd,  in  either  cue,  it  would  run  Iran  the  inna 
Hurtoorone  to  the  adjacent  smfiKe  of  llw  ocber,  with  the 


If  one  be  vnenitMxged  and  the  other  undercharge^  ffnid 
muld  escape  from  the  lemote  surface  with  the  fime  ~  » 
ndwouldnm  through  a  canal  between  themwith  the  force 

4  •  ^ 

They  repel  or  attract  each  other  with  the  foece  r  -i-g  ^ 
Ncording  as  tbe^  are  both  oreror  undenhaiiga^  or  as  one 
kmadauged  and  the  other  ondercfaarged. 

This  example  of  parallel  {dates,  infinitely  estmded.  Is 
tbe  simplest  that  can  be  supposed.  But  it  cannot  obtais 
under  our  obscrvatioD;  and  in  all  cases  which  we  can  ofaaen-e, 
dte  fluid  caonot  be  umformly  spread  in  any  stratum,  but 
nust  be  denser  nesi  ibe  edg»,  w  ueu  ihe  centre,  as  thej 
are  overcharged  or  uodercharged. 

98.  Let  ABD  (Bg.  1 9.)  represent  a  ^ihere  crf'petftcd/  ooo- 
ducdng  matter,  overchat]ged  with  efectiic  fluidi  which  is  per- 
fectly moveable  is  its  pores,  but  cannot  escape  from  the 
^ere.  Let  it  be  surrounded  bj  conducting  matter  latur- 
Ued  with  moveable  fluid.  It  is  required  to  detenniae  tbe 
Aspo^tion  of  the  fluid  within  and  without  this  sphere. 

Sir  Isaac  Newton  has  demonstrated  (/Vine  1. 70.)  that  a 
partideji,  placed  anywhere  within  this  sphere,  is  not  affected 
by  any  matter  that  is  without  the  concentric  spherical  sur- 
hcep  grin  which  itself  is  situated,  therefore  not  afiiected  h\ 
what  is  between  the  Burfsce*  ABD  and  p  ?  r.  He  also  ie- 
monstratea,  that  tbe  natter  within  the  surface  p  ^  r  mOs  on 
tile  particle  j>  in  tbe  nrae  manna  as  if  the  whole  of  it  were 
collected  in  the  centre  C. 

Hence  it  follows,  that  the  redundant  fluid  will  be  all  con- 
lipsted  as  close  aa  pocaUe  within  the  external  surface  of  the 


\ 
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sphere,  forming  a  shell  of  a  certain  minute  thickness,  b^ 
tween  the  spherical  surfaces  ABD  and  ah  d;  and  all  that 
is  within  this  (that  is,  nearer  the  centre  C,)  will  be  in  its 
natural  state. 

With  respect  to  the  distribution  of  the  fluid  in  the  sur* 
founding  matter,  which  we  suppose  to  be  infinitely  extended, 
we  must  recollect  that  this  shell  of  constipated  redundant 
fluid  repek  any  external  particle  of  fluid  in  the  same  manner 
as  if  all  were  collected  at  C.  Hence  it  is  evident,  that  the 
fluid  in  the  surrounding  matter  will  be  repeUed,  and,  being 
'BKiTeable,  it  will  recede  from  this  centre ;  and  there  will  be 
a  space  all  round  the  sphere  ABD  which  Is  undercharged^ 
fbnning  a  shell  between  the  concentric  surfaces  ABD  and 
t^fil.  This  shell  mil  contain  such  a  quantity  of  redundant 
matter,  that  its  attraction  for  a  particle  of  fluid  is  equal  to 
the  repulsion  of  the  shell  of  fluid  crowded  internally  on  the 
surface  ABD.  All  beyond  this  surfiure  «  A  )  will  be  in  its  na- 
tmnd  state ;  tot  this  redundant  matter  acts  on  a  particle  ol 
flmd,  eituated  farther  from  the  centre,  in  the  same  manner 
as  if  all  this  redundant  matter  were  collected  in  the  centre 
C.  So  does  the  redundant  fluid  in  the  constipated  shell 
Therefore  their  actions  balance  each  other,  and  there  is  no 
force  exerted  on  any  particle  of  fluid  beyond  this  deficient 
fiheU.  This  deficient  shell  will,  not  affect  the  fluid  in  the 
sphere  ahdhj  Newton*s  demonstration.  No  other  dispo- 
ation  will  be  permanent.  But  farther :  This  undercharged 
shell  must  be  completely  exhausted :  for  a  particle  of  fluid 
placed  between  ABD  and  c/3)will  be  more  repelled  by 
the  fluid  in  the  crowded  shell  within  the  surface  ABD,  than 
it  is  attracted  by  the  redundant  matter  of  its  own  shell  that 
is  less  remote  from  the  centre ;  and  it  is  not  afiected  by  what 
is  more  remote  from  the  centre.  Therefore  the  fluid  without 
the  sphere  ABD  cannot  be  in  equilibrio,  unless  the  shell  be- 
tween ABD  and  « /) )  be  not  only  rarefied,  but  altogether 
exhausted  of  fluid. 
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To  see  it  in  perfection,  make  a  glass  vessel  of  globidar 
diape,  with  a  narrow  mouth,  sufficiently  wide,  however,  to 
admit  an  electrometer  suspended  to  the  end  of  a  glass  rod 
of  a  crooked  form,  so  that  the  electrometer  can  be  present- 
ed to  any  part  of  the  inside.  Smear  the  outside  of  the  globe 
with  some  transparent  clammy  fluid,  such  as  syrup.  Set 
it  on  an  insulating  stand  (a,  wine  ^ass),  and  electrify  it  po- 
(ntively.  Hold  the  electrometer  near  it,  any  where  without, 
and  it  will  be  strongly  affected.  Its  deviations  from  iht 
perpendicular  (if  the  ball  of  the  electrometer  has  also  been 
dectrifled)  will  indicate  a  force  inversely  as  the  square  of  the 
distance  from  the  centre  of  the  globe,  pretty  exactly,  if  the 
thread  of  the  electrometer  is  of  silk.  Now  let  down  the 
dectrometei^  into  the  inside  of  the  globe.  It  will  not  be  a& 
fected  in  any  sensible  d^;ree,  nor  approach  or  avoid  any 
body  that  is  lying  within  the  gfobe.  The  electitometer  majr 
be  held  in  all  parts  of  ihb  globe,  and  when  brought  out 
again,  is  perfectly  inactive  and  neutral.  But  if  the  haXia  of 
the  electrometer  be  toudied  with  a  wire,  while  hanging  free 
within  the  globe,  they  will,  on  withdrawing  the  wire,  rqid 
each  other ;  and  when  taken  out,  they  will  be  found  nega* 
lively  electrified.  The  experiment  isucoeeds  as  well  witb  a 
ikietal  globe ;  nay,  even  although  the  iMiith  be  pretty  wide; 
in  which  case,  there  is  not  a  perfect  balance  of  action  iiih  every 
direction.  Th^  elebtromeCer  may  be  made  to  touch  the  bot« 
torn  of  tiie  globe,  or  any  where  not  too  near  the  mouth, 
without  acquiring  any  sennble  electricity ;  but  if  we  toueh 
the  outside  with  the  electrometer,  it  will  instantly  be  elec- 
trified and  strongly  repelled.  Deep  cylinders,  and  all  round 
vessels  with  narrow  mouths,  exhibit  the  same  faintness  ef 
electridty  within,  except  near  the  brims,  although  strongly 
electric  without ;  and  even  open  metal  cups  have  the  inte- 
rior electricity  much  diminished. 

101.  Reflecting  on  this  valuable  proposition  of  Mr.  Ca- 
vendish, we  see  clearly  why  an  overcharged  electric  is  only 
superfidally  so ;  and  that  Ais  will  be  the  case  even  although 


i^ccilbftLtSik  lAfwd.  Eketiify Ibis  wb4e,  tad  obi^rv^ 
4»e  di^fiiQBi^Kqr  ^  ibe  doctrnmeUr;  then,  graduaUy  dinw- 
jng  up  ^  <^ikui  ffom  tl^  fxil^  the  «Ifietnmeter  wQl  gn^ 
dually  SM  iowpt,  md  lojiirmi^  jkhe  (ebain  Agum  iviU  frndual^ 

109.  Wt  now  floe  wiA  bow  Side  jmsoo  Lord  Hfhm 
cowaluded  tbtl  Ib^  poinit  lof  Jbb  oonduotor,  otn^nred  to  bt 
miitrid)  QQtmiitmled  witli  1»0  IJiAoiy;  xiaoielyy  ^we of  tbe 
media  of  a  harmomc  divisioo.  W^  aee  no  renQOV  for  beg^n«> 
«ing  the  cMipiiMio^  M  the  ciUr^ipkjr  of  jth^  prune  con- 
ductor. It  ovtaaJgr  lUmUi  nit  harie  been  &om  the  e%tre- 
mty.  Hiid  th»  priflur  QcmdiMlor  been  a  fiingle  globe,  it 
sbouU  have  b^gw  .fiwn  Ae  aenti^  of  tiii^  globe.  If  it  wiNF 
of  the  Mpual  fevni*  wHh  an  jovt^itanding  vm,  tenninaled  bjr 
a  laige  boU^  the  «r|rw  of  ibe  body  of  the  awducCor  ahould 
tirtainly  baveiieentiritwiiitPitbeM^^  lnibort» nbno^j^ 
aojr  pofa»t  of  thii  toiig  (midixAlor  luigbt  b^wb^xk  aeowuno^ 
diited  to  bis  ll^ord^MpV  ttoonr* 

liM.  Wie  migbt  now  pr9oeed  %Q  i9iT^9ti»te  the  disCribi^ 
lion  df  t)^  eleotm  fuid  in  bodiefi  expoaaa  tQ  the  action  <f 
othefp,  and  pertioidarly  in  the  oblong  oonductors  wade  Mae 
if  in  our  prepunCory  pgopfyitJom.  The  problem  is  deter* 
mhaietey  vbeo  the  leogth  and  diemeter  of  cylindric  oandufr- 
tiHTs  are  given ;  buA  eren  wbon  the  electric  emfdoyed  for  in- 
dftoiiig  the  leleotqci^  is  in  tbelcmo  <^<^  gi<i^»  we  must  eip- 
pkiy  Imetaopa  of  the  distwceii  thi|t  are  pretty  pomplexp  and 
«b^  ye  to  hRve  recourse  to  Pieoond  flmuonSf  The  mutual 
aetioM  of  tpo  ikkmg  ^onducton^y  of  cpn^deiable  djameter^ 
fff^  a  pfiobleoi  that  will  occupy  the  ^rst  mathematicieas; 
but  whidi  is  finite  wpivyprr  fi^  tbip  sqmty  abstract.  Nor 
is  a  minute  kwwledge  of  the  dispo^tionxif  die  fluid  of  veiy 
Important  eernoe.  We  laay  therefore  pontent  ourselves 
ngjik  a^neral  rgynwenfi^ino  of  the  state  of  the  fluid  in  the 
fbUowittg  manner,  ffbiA  wUt  give  us  a  poeti^  distinct  no* 
tion  how  it  w31  act  M^  VMt  ow» : 
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the  difference  of  these  repulsions.  When  the  diamet^ 
of  the  canal  is  constant,  this  arises  only  from  the  differ- 
ence of  density.  The  fcnrce  of  the  element  adjacent  to  E 
may  therefore  be  expressed  by  the  excess  of  Dd  above 
C  Cf  and  the  action  at  the  distance  CD  jointly.  Therefore, 
drawing  fi  ct  parallel  to  A£,  this  force  of  the  element  £ 

will  be  expressed  byTJs  op,  repelling  the  particle  in  the  di- 
rection C  A.    If  CF  be  taken  equal  to  CD,  the  force  of  the 

element  at  F  will  be  expressed  by  ^tx,  or  ^ys  «,  also  im- 
pelling the  particle  in  the  direction  C  A.     The  joint  action 

of  these  two  elements  therefore  is     ^^i  '  x.    Ifbce  were  a 

stnught  line  we  should  hi^ve  df)  -(-/f  always  proportional  to 
c  } ;  and  it  might  be  expressed  by  m  x  c  ^;  m  being  a  num- 
ber expressing  what  part  of  c  i  the  sum  of  df }  and/ f  amounts 
to  (perhaps  i^th,  or  -r^th,  or  ^^th,  &c).  But  in  the  case 
expressed  in  the  figure,  di  does  not  increase  so  fast  as  c), 
BXidfP  increases  faster  than  c  ^.  However,  in  the  imme- 
diate neighbourhood  of  any  point  C,  we  may  express  the  ac» 

oelerating  force  tending  towards  A  by -7%^  x  without  any 

■ 
aensible  error ;  that  is,  by  m  —  that  is,  by  the  fluxion  of  the 

X 

area  of  a  hyperbola  HD'G,.  having  CC  and  CE  for  its  as- 
symptotes ;  and  the  whole  action  of  the  fluid  between  F 
and  D,  on  the  particle  C,  will  be  expressed  by  the  area 
C'CDD'H.  Hence  it  follows,  that  the  action  of  the  small- 
€it  conceivable  portion  of  the  canal  immediately  adjoining 
to  C  on  both  ades,  or  the  difference  of  the  actions  of  the 
two  adjoining  elements,  is  equal  to  the  action  of  all  beyond 
it  This  shews,  that  the  state  of  compression  is  hardly  af- 
fected by  any  thing  that  is  at  a  sensible  distance  from  C ; 
and  that  the  density  of  the  fluid,  in  an  indefinitely  slender 
£anal,  is,  to  all  sense,  uniform.  The  geometer  will  also  see, 
that  the  second  fluxion  of  Dd  is  proportional  to  the  forie 


«f  tedistant  body.    We  learn,  therefbtie,  so  mvch  of  the 
flitare  of  the  curYe.dee.— f  CoicfamiJ. 

We  are  now  in  a  condition  to  examine  the  eonuDunieatioQ 
of  dectridty  by  means  of  conducting  canals  (which  is  one 
ofthemoBt.uHportant  articles  of  the  study),  having  found 
ihst  the  fluid,  in  a  very  slender  canal,  b  very  neariy  of  uni- 
Cwm  den^ty  throughout. 

106.  There  can  be  no  doubt  but  that,  if  a  body  B  (6g.  22.) 
be  overcharged  or  undercharged,  juiy  other  body  £,  which 
communicates  with  it  by  a  conducting  canal,  will  also  be 
overcharged  cr  undewdwgcd.  It  is  as  evident,  that  if  a 
body,  in  any  state  of  electricity,  be  in  the  neighbourhood  of 
sn  overchargad  or  undercharged  body  A,  while  it  commu- 
nicates with  C  by  a  canal  leading  from  the  side  most  remote 
firom  A,  .ftuid  w^  be  driv^  frpm  B  into  ,C,  or  abstracted 
from  C  into  9* 

107.  It  is  not,  however,  so  dear,  that  when  the  canal 
leads  from  the  mde  nearest  to  A.  ^as  \n  Eg.  2S.),  fluid  will 
be  driven  from  B  into  C.  We  conceive  the  fluid  to  be  move- 
able in  the  body  and  in-this  canai,  but  not  to  escape  from 
it  Its  mo(ioni.tj^n^re,  in  tlus  ca^^  should,  in  the  opinion 
of  Mr.  Cavendish,  leaemble  the  running  of  water  in  a  vy* 
pbon  by  the  pressure  of  the  air.  While  the  repulsion  of 
the  redundant  fluid  in  A  allows  the  bend  of  the  sjrphon  near- 
est to  A  to  retain  fluid,  a  current  should  take  place  from  B 
slong  die  short  1^,  in  ccmsequence  of  the  superior  action  on 
the  fluid  in  the  long  1^.  But  if  the  repulnon  of  A  can 
drive  the  fluid  out  of  the  bend  between  B  and  F,  Mr.  Ca- 
vendish  thinks,  that  it  does  not  appear  that  fluid  will  come 
up  from  B  in  oppomtion  to  the  repulsion  of  A,  and  then  run 
slong  to  D*  But  fluid  does  not  move,  in  either  gf  these 
cases,  on  the  principle  (tf  a  syphon ;  because  there  is  nothing 
to  hinder  the  fluid  from  expanding  in  the  part  EDF.  And 
we  are  rather  disposed  to  think,  that  it  will  always  move 
from  B,  over  the  bend,  to  C :  For  even  if  the  fluid  can  be 
4K«ipleteIy  d^ven  out  of  the  bend  EF^  it  must  be  >done  by 


chgrto^jnid  ihefluidhithe  kmglegwiU,  ftom  tbeverjbe- 
ginnbg  of  the  action-  of  A^  be  mote  moved  from  its  phce 
dum  that  in  tbe  abort  leg ;  And  therefore  will  yield  to  the 
eeeopresnon,  which  aets  tnmsversety^  and,  by  thas  yieUing 
BMre  toward  F  tha<^  toward  £,  the  fluid  will  ruah  thioagli 
Aer  eomracSed  p«rt,  and  go  into  C*  We  do  not  say  this 
with  full  confidence ;  but  are  thus  poirticubnr,  on  aKcountof 
aa  hnportant  Me  that  may  be  made  of  the  experiment  For 
if  the  Body  A  be  undercharged,  fluid  wttt  eertwily  be  at- 
tmeted  ihxn  C,  «id  pass  over  the  bend  into  By  however 
gttat  the  aotiMf  of  A  may  be.  Perhaps  Ais  maybe  so  con- 
trived, dierefore,  as  to  decide  the  Icmg  i^gitated  question, 
Wkithet  th^  decHeky  of  exeAed  gb9B  be  pbu  or  mkn^  If 
it  hd  found  Aat  this  apparatus,  being  presented  to  the  rub* 
)w  of  tti  electrical  midhmie,  diminiefaes  the  poeMve  electri- 
ty  of  C,  and  increases  that  of  B;  but  that,  pnsseiiting  the 
IMM  Apparatus  to  the  prime  eonducter,  makes^litfle  change 
*»*^tf  tday  oMdod^  that  the  eketricily  of  die  prime  oon* 
da0tir  h  positive.  We  have  tried  flte  experiment,  piiyii^ 
flCieiltidli  to  every  eircumsCatncte  tfiat  ifeemed  likely  to  insure 
MoeesfiT;  but  we  have  riways  found  luth^pto,  ttet  the  appa* 
nHus  #as  equally  afikced  by  both  eleetridties. 

We  must  now  consider  the  aetioti  of  eteetrifled  bodies  on 
life  liaMli^  of  contmunieatkm ;  bemuse  this  wiU  give  »«  the 
#uAe9f  mettrod  of  ascertmning  the  proportion  in  which  the 
^a^pcMmg  fluid  fa  ^strifnited  between  them.  Tot  when  two 
bodies  eomnmmcate  by  a  canal,  and  have  attarned  a  pcrma* 
Tittit  state,  we  must  conceive  that  their  oppo»te  actions  oil 
ike  fluid  moveable  along  this  capal  are  in  equilibrio,  or  are 
^usd.  This  will  generally  be  a  much  easier  problem  than 
fheir  action  on  each  other,  since  we  have  seen  a  little  ago-, 
ihat  the  fluid  rn  a  slender  canal  is  of  uniform  density  very 
Aearly.  A  very  few  examples  of  the  most  important  of  the 
shuplc  cases  must  suflice. 

108.  Therefore  let  AC  a  (fig.  24.)  represent  the  edge  of 
a  ifaiii^  conducting  circidar  plate,  to  which  the  iknder  caflal 


cndiciihr  in  the  eentve.  It  is  lequired  fo  dcto? 
:d(Hi  of  the  matfer  or  laid,  unifbnnlj  spread  orcr 
on  the  fluid  mo? eafale  in  the  canal  PC  ? 
raly— Keqairai  the  aetioii  of  a  partide  in  A  oa 
D  the  whole  canal?  J<Hn  AP;  and  call  CP  x^ 
I  AC  r;  and  let/express  the  intennty  of  action 
ttiee  lyor  Ihemitof  theMlaon  whidithtUnis 
ted. 

tioQ  of  4-  on  Py  in  the  direction  AP,  'wj^  Thit 

/  X 

Skated  in  the  direction  CPi  is  reduced  to  --^  X  ~; 

nefbre  ^f-rr    Therefore  the  fluiipn  of  the  ac- 

jr     •  _ 
;  direction  CP,  on  the  whole  canal  i»/"^  *  — 

wme  91  yzzy  :x)  zzf  X  ^     The  variable  part 

iient  !»=:/    y      and  the  complete  fluent  isz 

y,  where  C  is  a  constant  quantitjr,  aooonunodaled 

ture  of  the  case.    Now,  the  acticm  must  vanish 
canal  vanishes,  or  when  9=0,  and  ^  =  r.  There- 

11 

—  =  0,  and  C  =  — ;  and  the  genial  expressioo 

***"  »«/(T"*'y/'=/^'^^^P'^^***"8*eao. 
particle  in  the  circumference  of  the  plate  on  the 

to  whols  canal  CP. 

nred  the  action  of  the  plate,  whose  diameter  is  A  a, 

rtideP? 

iff  a  lepttsent  the  area  of  a  eirde,  whose  radxni 

Then  a  r<  is  the  area  of  the  plate,  and  2  oir  is 

•    •  •  , 

D  of  this  area;  because  r:y=y:r,2arr  is  =  2 

erefore  the  fluxion  of  the  action  pf  the  plate  on  the 
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IMurtidcPis/x  ^ayy  x^>  =  2/a  «  X  ^  The  Quenl 

#f  this  has  for  its  variable  part  2fa  x  x  "l^  (^ot  when  the 
particle  P  is  given,  *  does  not  vary).  This  is  =  2fa  x  "Tp 

To  oomplele  this  fluent,  we  must  add  a  constant  quaiiti^, 

which  shall  make  the  fluent  =  0  when  the  particle  P  is  at  ai| 

infimtfe  distance ;   and  therefore  when  x  :=y*    Therefore 

y       X  X 

'jT— ;7=0,or  1— —  =  0,  or  C  =  1 ;  and  the  complete  flu^t 

*\ 

for  the  whole  plate  is  2  fa  (1  —  -  y. 

111.  The  meaning  of  this  expression  may  not  occur  to 

the  reader :  for  1  — -  ~  is  evidently  an  abstract  number ;  so 

is  a.  Therefore  the  expression  appears  to  have  no  reforenoe 
to  the  size  of  the  plate.  Byt  this  agrees  with  the  observa- 
tion in  $  91,  where  it  was  shewn,  that  provided  the  angle  of 
the  cone  or  pyramid  xemained  the  same,  the  magnitude  of 
the  base  made  no  change  in  its  attraction  or  repulsion  for  a 
particle  in  the  vertex, 

• 

X 

It  will  ap^i:  by  ^nd  bye,  that  1  — --  b  a  measiure  or 

function  of  a  certain  angle  of  a  cone. 

Cot.  If  PC  be  very  small  in  proportion  to  AC,  the  action 
is  nearly  the  same  as  if  the  plate  were  infinite :   For  when 

the  plate  is  infinite,  --  is  =  0,  ajid  the  action  b  =  1,  what- 
ever  is  the  distance  (see  §  91—93).     Therefore,  when  x  is 

X 

very  smaU  in  comparison  of  r,  and  consequently  of  jr,  1  "^IT 

is  very  nearly  =  1. 

112.  Thirdy  To  find  the  action  of  the  plate  on  the  whole 
column  ? 
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IJie  fluxion  of  tlus  must  be  =  if  a  x  (1  —  ~)  i,  or 

•  • 

f/fl(x— *-?\  or  2/ a  x  (*— J^);   because  j?  =  ^. 

TIk  floeni  of  this  has  for  its  Tariable  put  2/o  x  (J^— '^)* 
A  constant  quantity  must  be  added,  which  shall  nudce  it  =r  9 
1^  the  oolumn  =  0;  that  is  when^=:r,aiid«^0;  that 
i^C— -r=:0,  aiidC=r.  Therefore  the comptele  fluent  is 
=:2/aCx  +  r— ^). 

113.  Thus  have  we  arrived  at  a  most  simple  ezpresnoa 
of  the  attraction  or  repulsion  <^a  plate  for  such  a  column, 
or  for  portions  of  such  a  column.  And  it  is  most  easily  ooo- 
itructed  geometricaUy,  so  as  to  give  us  a  sensible  image  of 
dns  action,  of  easy  conception  and  remembranca  It  is  as 
fellows:  Produce  PC  till  CK  ==  CA,  and  about  the  centre 
P  describe  the  arch  AI,  cutting  CK  in  I.  Then  2/a  x 
IK  is  evidently  the  geometrical  expression  of  the  attracdon 
or  repulnon.  This  is  plainly  a  cylinder,  whose  ra4Uus  is  a 
unit  of  the  scale,  and  whose  hdgbt  is  twice  IK. 

In  like  manner,  by  describing  the  arch  A  t  round  the  cen- 
tre/?, we  have  2  fa  x  <  K  for  the  action  of  the  plate  on  the 
imall  column  Cp;  and  2  fa  x  1 1  is  the  acticm  of  the  plate 
on  the  portion  Pp. 

The  general  meaning  of  the  expression  2 /a  x  IK  is, 
that  the  action  of  the  whole  plate  on  the  column  PC  is  the 

same  as  if  all  the  fluid  in  the  cylinder  a  X  2  IK,  were  pU. 

ced  at  the  distance  1  from  the  acting  particle. 

From  this  proportion  may  be  easily  deduced  some  very 

useful  cordlaries  by  the  help  of  the  geometrical  construe* 

tifm. 

11 4.  Finite  If  PC  be  very  great  in  comparison  with  AC, 
the  action  is  nearly  the  same  as  if  the  column  were  infinitely 
extended ;  for  in  this  case  IK  is  very  nearly  =  CSI,  the  dif- 
ference being  to  the  whole  nearly  as  AC  to  twice  AP. 

115.  Secondj  If,  in  addition  to  tins  last  condition,  another 
(<4^BUl  t»  C  be  very  small  in  comparison  of  AC,  then  the 
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action  on  PC  is  to  tbat  on  p  C  very  nearly  BBp  C  to  AC.  For 
it  win  appear  thattE:  IK  =rj»C  ;  AC  very  nearly.    Ifii 
exactly  so  when  CP  :  CA  =  CA :  C  p ;  and  it  will  alwajB 
be  in  a  greater  proportion  than  that  of  p  C  to  IK* 
This  will  be  found  to  be  9  very  important  obscrva&Ai 
Tb^  itfduddattt  fluid  haa  hitherto  been  supposed  to  be 
.  uniformly  spread  over  the  {date  :  but  this  cannot  be^  b^ 
ciiuse  its  nrotual  repolsioa  will  cause  it  to  be  denser  near  the 
circumference.    We  have  not  determined,  by  a  formula:  of 
easy  applieationt  what  will  be  the  variation  of  density.  There- 
fore let  u»  consider  the  result  of  the  extreme  case,  and  sup* 
pose  the  whole  redundant  fluid  to  be  crowded  into  the  dr- 
Cumfereiioe  of  the  plate,  as  we  saw  thpUtt  must  be  on  thesur* 
{ace  of  a  gkbe. 

110.  In  this  case  die  Adion  OB  the  fluid  in  the  canal  will  hs 

fa  (^  -^"^  /•  For  the  area  of  the  plate  ia  a  r\  and  the  i^v 
lion  of  *  parbde  in  tke  cireumference  oa  <he  whole  cnsi 
was  shewn  (§  109.)  tobe/^~  )-  Therefore  the  ac- 
tion  of  the  whole  fluid  crowded  into  the  eircunference-  is 

fa  r»  X     y     >  =/a  r  — — ^.     It  may  be  represented  as 

follows :  Describe  the  quaditent  C  &  BE,  cutting  AP  stnd 
ApikiBand&    Draw  BD  andfrdpahdlel  toPC.  Then 

P&  =  y  —  r,  and  DC  =  r^^^'     Therefore  the  action 

y 

is  represented  by /multiplying  a  cylinder,  whose  mdius  is  1 
and  height  is  DC.  In  like  manner,  d  C  is  the  height  of  the 
cylinder  corresponding  to  tlie  column  pC,  and  Dd  the  height 
corresponding  to  Pp. 

117.  Cor.  1.  When  CP  is  very  great  in  conqpaiisoAwidi 
CA,  the  point  D  is  very  near  to  A,  and  I  is  very  near  ta 
C,  and  CD  is  to  IK  nearly  in  the  ratio  of  equality.  In 
this  case  the  action  of  the  fluid,  uniformly  spread  over  the 
plate,  is  nearly  double  of  the  action  of  the  nuae  fluid  cnowd* 
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fdnpid  the  circumfereoce ;  for  they  are  «8  cylinders  W- 
iagthe  lame  bases  and  iieights  in  the  ratio  of  2  IK  to  DC, 
vkbiB nearly  tbemtioof2  to  1. 

llSw-^.  On  the  other  hand,  when  the  ooluinn  pCtB  very 
Ant,  the  actum  of  the  fluid  spread  ualformly  over  the  pJate 
ii  to  its  action,  whtn  crowded  round  the  circumference 
nndy  in  the  ratio  of  4  AC  to  pC.  For  these  actions  are 
ktherat^Dof  9/a  X  ^' i^  ((>  1/^  X  dC,  or  as  8 1 K  todC, 
qnrnearVy  asSpCtodQ^/irmore nearly as26dtodC.  But 
Cd:b4:^id:iA  Ad,orneadyz=id :  2CA.  Tbm^ 
fm  Cd:  9bd=pC  i  i'CA  neariy. 

119*  Hence  we  lee  that  the  action  on  short  cnlinnns  is 
mudi  more  diminished  by  the  recess  of  tbe  redundant  fluid 
tDWBxd  the  dxcumferenoe  than  that  on  long  columns.  There- 
foot^  any  external  electric  force  whidi  tends  to  send  fluid 
along  this  canal,  and  from  thence  to  spread  it  over  the  plate, 
irill  send  into  the  plate  agreater  quantity  of  flmd  than  if  the 
fluid  remained  \i\timate\y  m  a  stale  of  uniform  disuibution 
orer  jta  aiirfiicei  aad  the  pdda  will  be  greater  when  the  cansl 
is  short. 

120.  Zoil^,  OBtbissulgecl,  if  XL  betaken  equal  to  AP, 
or  Tfh  hp  squal  to  EI,  the  repulsion  which  all  the  fluid  in 
the  plate,  collected  in  K,  would  exert  on  the  fluid  in  the 
eaaal  CL,  is  equal  to  the  rqmlHon  which  the  same  fluid, 
constipated  in  the  circumference,  would  exert  on  the  column 
CP.  For  we  hasve  seen  that  the  action  of  a  particle  in  A  on 
the  idiqle  coLinin  PC,  when  estimated  in  the  Section  PC,  is 

— — ;  and  it  is  well  known  that  the  action  of  a  particle  in 

_^     ^      .  1  \  11        5—'' 

K  ror  the  column  CL  is  gQ—jjj>  or -jr  —  r:,=  "yr^* 

Thenfore  tbp  action  of  the  whole  fluid,  ooUectrd  in  the  cir- 

cumfereoop,  on  the  column  CP  )s  equal  to  that  of  the  same 

fluid,  ooU^ctfad  in  |^»  on  the  column  CL. 
ISL  Cor.  l.lfthoaihiauiCPiSTMrykNig  in  proportion 

i9  AC  w  KC,  tbs  %Bl]oas  of  tha  fluid*  in  tbeae  tw9 
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situations  are  very  nearly  the  same.  The  action  of  the  fluid 
collected  in  K  exceeds  its  action  when  collected  in  A  only 
by  its  action  on  the  small  and  remote  column  LP.  The  ac- 
tion of  all  the  fluid  collected  at  K  on  the  column  CP  is  easily 
had  by  taking  C  /  =  KP.  It  is  equal  to  the  action  of  the 
same  fluid  placed  in  A  on  the  column  C  /. 

123.  Cor.  2.  The  action  of  all  the  fluid  umformly  spread^ 
exerted  on  the  column  CP,  is  to  the  action  of  the  same  fluid 
collected  in  K,  exerted  on  the  column  CL,  as  2  IK  to  CD. 

123.  If  the  column  CP  is  very  great  in  proportion  to  AC, 
the  half  breadth  of  the  plate,  the  action  in  the  first  case  is 
▼ery  nearly  double  of  the  action  in  the  other  case,  and  is  ex* 
actly  in  this  proportion  if  CP  is  of  infinite  extent 

124.  Cor.  3.  If  CNO  be  a  spherical  surface  or  shell  of 
the  same  thickness  and  diameter  as  the  plate  A  a,  and  con- 
taining redundant  fluid  of  the  same  uniform  density,  theac* 
tion  of  this  fluid  on  the  column  CL  is  double  of  the  action 
of  the  fluid  uniformly  spread  over  the  plate  on  the  column 
CP,  and  quadruple  of  tiie  action  of  the  fluid  collected  in  the 
drcumference :  for  the  action  is  the  same  as  if  all  were  col- 
lected in  the  centre  K,  and  the  surface  of  the  inhere  is  four 
times  that  of  the  plate,  and  therefore  they  are  as  IK  to 
tCD. 

Let  us  now  consider  the  comparative  actions  of  different 
plates  or  spheres  on  the  canals. 

125.  If  two  circular  plates,  DE,  dt  (plate  II.  fig.  1.),  or  two 
spherical  shells,  ABO,  abo,  of  equal  diameters  and  thick- 
ness with  the  plates,  and  contmning  redundant  fluid  of  equal 
density,  communicate  with  infinitely  extended  straight  ca- 
nals OP,  opy  passing  through  their  centres  perpendicular  to 
their  surfaces,  also  containing  fluid  uniformly  distributed 
and  of  equal  density— the  repulsions  will  be  as  the  diame- 
ters. For  the  repulsion  of  the  spherical  surfaces  is  the  same 
as  if  all  the  fluid  were  collected  at  their  centres ;  and  the  re- 
pulsion of  the  fluid  uniformly  spread  over  the  surfaces  of  the 
{dates  is  double  of  its  repulsion  if  collected  at  the  centres  of 


I 

Hide  spheres ;  it  foUows,  that  the  repulsions  cf  the  plates 
arepEDportional  to  those  of  the  spheres.  But  because  the 
repul^on  of  a  pkte  whose  radius  is  r  was  shewn  to  be  =:  8  a 

X  r  -f  X  — y,  and  when  the  column  is  infinitely  extended, 

X  is  equal  to^,  and  r  +  x  — ^y  =  r,  it  follows,  that  the  re- 
pulsions of  the  plates  are  as  2  a  x  R  and  2  a  x^jor  pro- 
portional to  their  diameters.  Therefore  the  repul«ons  cf 
the  spheres  are  in  the  same  proportion. 

126.  Cor.  1.  If  the  canals  are  very  long  in  proportion  to 
the  diameters  of  the  plates  or  spheres,  the  repulsions  art 
nearly  in  the  same  proportion. 

127.  Car.  2.  But  as  the  lengths  of  the  canals  diminislf, 
the  repulsions  approach  to  equality ;  for  it  was  shewn,  that 
when  the  canal  was  very  small,  the  repulsion  was  to  that  for 
an  infinite  column  as  the  length  of  the  canal  to  the  radius 
of  the  plate.  Therefore  if  the  radius  of  the  greater  plate 
be  (for  example)  double  of  that  of  the  smaller,  and  the  lit- 
tle column  be  -^th  of  the  radius,  it  wiU  be  -^th  of  the  ra- 
dius of  the  smaller  plate.  Now  ^^th  of  half  the  repul^cm 
is  equal  to  -/^ih  of  the  double  repulsion.  Also,  in  the  case 
of  the  spheres,  the  repulsion  of  a  particle  at  the  surftce  is  as 
the  quantity  of  fluid  directly,  and  as  the  square  of  the  ra- 
dius inversely ;  but  when  the  density  is  the  same  in  both 
shells,  the  quantity  is  as  the  surface,  or  as  the  square  of  the 
radius.     Therefore  the  repulsions  are  equal. 

128.  Cor.  3.  If  the  density  of  the  fluid  in  two  spherical  shells 
be  inversely  as  the  diameters,  the  repulsions  for  an  infinite- 
ly extended  colunm  of  fluid  are  equal ;  for  each  repels  as  if 
bH  the  fluid  was  collected  in  the  centre.  Therefore  if  the 
density,  and  consequently  the  quantity,  be  varied  in  any 
proportion,  the  repulsion  will  vary  in  the  same  proportiim. 

I  I 

The  repulttons  will  now  be  as  CO  x  qQ  toco  x  r^*  orio 

the  ratio  of  equality. 

129.  Cor.  i.  When  the  quantities  of  redundant  fluid  in 
tWQ  spheres  are  proportional  to  their  diameters,  their  repul- 
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abns  for  an  iafinkel  jr  extended  cangl  are  equal :  for  il 
redundant  fluid  is  constipated  ia  the  surfiEUXs  of  the  spberef^ 
as  it  always  will  be  when  they  consist  of  conducting  matter, 
the  deputies  are  as  the  diameters  inTcrsdys  because  the  sur- 
faces are  as  the  squares  of  the  diameters.  Therefore,  by  the 
last  coroUary,  their  actions  on  an  infinitely  extended  canal 
'  are  equal  But  in  spheres  of  nonconducting  matter  it  maybe 
difierently  disposed,  in  concentric  diells  of  umform  density. 
This  makes  no  change  in  the  action  on  the  fluid  that  is  with- 
out the  sphere,  because  each  shell  acts  on  it  as  if  it  were  all 
collected  in  the  centre.  Therefore  the  repulaons  are  still 
equal. 

130.  Cor.  5.  Two  overcharged  spheres,  or  spherical  shells, 
OAB,  oah  (plate  II.  fig.  3.),  communicating  by  an  infinitely 
extended  canal  of  conducting  matter,  contain  quantities  of  re- 
dundant fluid  proportional  to  their  diameters ;  for  their  ac- 
tions on  the  fluid  in  the  interjacent  canal  must  be  in  equilj- 

^  brio,  and  therefore  equal.  This  will  be  the  ca^e  only  when 
the  quantities  of  fluid  are  in  the  proportion  of  th^  diame* 
ters. 

When  the  canals  are  very  long  in  proportion  to  tlie  dia* 
meters  of  the  spheres,  the  proportion  of  thie  quantities  of  re- 
dulldant  fluid  will  not  gready  difier  from  tiiat  of  the  dia- 
meters. 

131.  Cor.  6.  When  the  spheres  of  eonducting  matter  are 
thus  in  equiUbrio^  the  pressures  of  the  fluid  on  their  surfa- 
ces are  inversely  as  their  diameters ;  for  the  repuldon  of  a 
particle  at  the  surface  is  the  same  with  the  tendency  of  that 
particle  from  the  centre  of  the  sphere,  the  actions  being  mu- 
tual. Now  this  is  proportional  to  the  quantity  of  redundant 
fluid  directly,  and  to  the  square  of  the  distance  from  the  cen« 
tre  inversely,  that  is,  to  the  diameter  directiy,  and  to  the 
square  of  the  diameter  inversely^  that  is,' to  the  diameter  in- 
versely. 

Hence  it  follows,  that  the  tendency  to  escape  from  the 
spheres  is  inversely  as  th^  diameter^  all  other  drcumstances 


Wiiig  the  same :  for  in  as  far  as  the  escape  proceeds  from 
mere  electric  repulsioii^  it  must  follow  this  proportioD.  But 
tbere  are  evident  proofs  of  the  co-qieration  of  other  physi- 
cal causes.  We  observe  chemical  compositions  and  decom* 
portions  accompanying  the  escape  of  electric  fluid,  and  its 
influx  into  bodies :  we  are  ignorant  how  far,  and  in  what 
manner,  these  operations  are  affected  by  distance.  Boscovich 
ihewB  most  convincingly,  that  the  action  of  a  particle  (of 
whatever  order  of  composition),  on  external  atoms  and  par- 
ticles, is  surprisingly  changed  by  a  change  in  the  distance 
and  arrangement  of  its  componept  atoms.  A  constipation, 
therefore,  to  a  certain  determined  degree  and  lineal  magni- 
tude, may  be  necessary  for  giving  occasion  to  some  of  those 
diemical  operations  that  aocoqapany,  and  perhaps  occasion, 
the  escape  of  the  electric  fluid.  If  this  be  the  case  (and  it 
is  deaumUrabk  to  be  possible,  if  the  operations  of  Nature  l)e 
owing  to  attractions  and  repulsions),  the  escape  imuC  be  de- 
sultory.   It  IS  actually  so ;  and  this  confirms  the  opinion. 

The  ipublic  is  indebted  to  Mr.  Cavendish  for  the  preced- 
ing theorems  on  the  action  of  spheres  and  circular  plates. 
He  has  given  them  in  a  more  abstract  and  general  form,  ap 
plicable  to  any  law  of  electric  action  which  experience  may 
warrant.  We  have  accommodated  them  to  the  inverse  du- 
plicate ratio  of  the  distances,  as  a  point  sufliciently  establish- 
ed ;  and  we  hope  that  we  have  rendered  them  more  simple 
and  perspicuous.  We  have  av^led  ourselves  of  Mr.  Cou- 
lomb^s  demonstration  of  the  uniform  density  in  the  canal, 
without  which  the  theorems  could  not  have  been  demon- 
strated. The  minute  quantity  of  the  fluid  in  the  canal  can 
have  no  sensible  effect  on  the  disposition  or  proportion  of 
t])e  fluid  in  the  plates  or  spheres. 

It  may  be  thought  that  the  last  corollary,  respectmg  the 
equilibrium  of  two  spheres,  is  not  agreeable  to  hydrostati- 
cs principles,  which  require  the  equality  of  the  two  forces 
*bich  balance  each  other  at  the  orifices  of  the  slender  cyVin- 

VOL.  IV.  ^ 
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dric  canal ;  whereas,  in  that  corollary,  the  forces  at  thie  ex- 
tremities of  the  canal  are  inversely  as  the  diameters  of  the 
spheres  or  [dates.  Thb  would  be  a  ralid  objection,  if  the 
compressing  forces  acted  only  on  the  extremities  of  the  ca- 
nals ;  but  they  act  on  every  particle  through  their  whole 
kngth.  It  is  not,  therefore,  the  pressure  at  one  end  of  the 
canal  that  is  in  equilibrio  with  the  pressure  at  the  other  end, 
by  the  interposition  of  the  fluid.  It  is  the  pressure  at  one 
end,  together  with  the  sura  of  all  the  intermediate  pressures 
,  ill  that  direction,  that  is  in  equilibrio  with  all  the  pressure 
in  the  oppoMte  direction.  The  pressures  at  the  ends  are  on- 
ly parts  of  the  whole  opposite  pressures ;  they  are  the  first 
in  each  account  In  thb  mapner  a  slender  pipe,  ha^g  a 
bell  at  each  end,  may  be  kept  filled  with  mercury,  while 
lying  horizontal,  if  the  air  in  each  ball  is  of  equal  density. 
But  if  it  be  raised  perpendicular  to  the  horizon,  it  cnmot  re- 
main filled  from  end  to  end,  unless  the  air  of  the  ball  below 
be  made  so  elastic  by  condensation,  that  its  pressure  on  the 
lower  orifice  of  the  jnpe  exceed  ihe  pressure  of  the  lur  in  the 
upper  ball  on  the  other  orifice  by  a  force  equal  to  the  weight 
of  the  mercury,  that  is,  to  the  aggr^te  of  the  action  of  gra- 
vity on  each  particle  of  mercury  in  the  pipe.  Therefore  the 
repulsions  of  the  spheres  that  we  are  speaking  of  are  in  equi* 
librio  by  the  intervention  of  the  fluid  in  the  canal,  in  perfect 
^condstency  ^th  the  laws  of  hydrostatical  presspre. 

Mr.  Cavendish  has  pursued  this  subject  much  farther^  and 
has  considered  the  mutual  action  of  more  thifn  two  bodies, 
communicating  with  eadi  other  by  canals  of  moveable  fluid 
uniformly  dense.  But  as  we  have  not  room  for  the  whole 
of  his  valuable  propositions,  we  selected  those  which  were 
elementary  and  leading  theorems,  or  such  as  will  enable  us 
to  explain  the  most  important  phenomena.  They  are  also 
such,  as  that  the  attentive  reader  will  find  no  difficulty  in 
the  investigation  of  those  which  we  have  omitted. 

Mr.  Cavendishes  most  general  proposition  is  as  follows : 
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IM.  Whatmn  awmidurgtd  bodj eonimiiiiicste8»  bya et- 
raicSwrygrtOt  length,  slrn^t  orccooked,  with  tiro  or 
WKM%  dnilar  bodiet,  alto  at  a  very  great  diatonoe  firom  each 
other,  and  all  are  in  electric  equiUbrium,  end  cxinsequently 
€ach  body  overcharged  in  a  eertain  determined  proportion, 
depending  on  its  magnitude,  if  any  two  o4  thcee  bodies  are 
Blade  to  oommunicate  in  the  same  manner,  their  degrees  of 
electnciity  are  sach,  that  no  iuid  will  pass  from  one  to  the 
fiidier,  tbar  mutual  actions  on  the  fluid  in  this  canal  bong 
silso  in  equilibria  He  brings  out  this  by  induction  and  com- 
fainadon  of  the  single  cases,  each  of  which  he  demonstratai 
ky  means  iifthe  following  theorem : 

133.  The  actionof  an  oTerchaiged  sphere  ACB  (Plate  II. 
%.  I.)  en  the  fluid  in  the  whole  ofa  canal  d/P  that  isoUique, 
tending  to  impel  the  fluid  in  the  direction  of  that  canal,  is 
equal  to  its  action  on  the  fluid  in  the  whole  of  the  rectili- 
neal canal  CP.  Lict  h  t  be-a  minute  portkm  of  the  straight 
canal,  and/d  the  potVion  o(  the  crooked  canal  which  is  equi- 
distant fivm  the  centre  C  of  the  sphere;  draw  the  radii  C/, 
C  d,  and  the  concentric  arch^  h/^  id,  the  Utter  eutting/C  in 
g;  gnddnwge  perpendicular  to/d;  the  force  acting  an  ih,^ 
iflipeUing  it  toward  P,  may  be  represented  by  hi  The  same 
fcloe  acting  on  df,  in  the  direction  cf,  must  therefore  be  ex- 
pressed by  gf.  This,  when  estimated  in  the  direction  of  the 
canal  df,  is  reduced  to  ef;  but  it  is  exerted  on  each  parti- 
cle of  df.  Now  df:  g/=gf :  e/,  and  d/  x  tf=zgp,  = 
g/X  hi;  therefore  the  whole  force  on  d/,  in  the  direction 
d/,  is  equal  to  the  force  on  t  A,  in  the  direction  ti.    Hence 

the  truth  ef  the  phiposidon  is  manifest. 

We  b^  the  curious  reader  to  apply  this  to  the  case  in 
hand,  and  he  will  find,  that  the  most  complicated  cases  may 
d  be  reduced  to  tlie  simple  ones  which  we  have  demonstrat- 
ed to  be  strictly  true  when  the  bodies  are  spheres  or  phtes, 
sad  the  canals  infinitely  long,  and  which  are  very  nearly  true 
when  the  canals  are  eery  bag,  and  the  bodies  nmilar:  And 
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we  DOW  proceed  to  one  compound  case  more,  which  includes 
all  the  most  remarkable  phenomena  of  electricity. 

134.  Let  HK,  AB,  DF,  and  LM  (plate  II.  fig.  3.),  be 
four  paralld  and  equal  circular  plates,  two  of  which,  HK 
and  AB,  communicate  by  a  canal  6C  of  indefinite  extent, 
joining  their  centres,  and  perpendicular  to  their  planes ;  let 
DF  and  LM  be  connected  in  the  same  manner,  and  let  the 
two  canals  be  in  one  straight  line ;  let  the  plate  BK  be  over- 
charged, and  the  plate  LM  just  saturated.  It  is  required 
to  determine  the  disposition  and  |proportion  of  the  electric 

fluid  in  the  plates  which  will  make  this  condition  of  HK 
and  LM  possible  and  permanent,  every  thing  being  in  equii> 
libriof 

The  plate  HK  being  overcharged,  and  oommunicatinf 
with  AB,  AB  must  be  overcharged  in  the  same  manneiv 
and  being  also  equal  to  HK,  it  must  be  overcharged  in  the 
same  degree,  containing  an  equal  quantity  of  redundant 
fluid  disposed  in  the  same  manner.  To  simplify  the  inves^ 
ligation,  we  shall  first  suppose  that  the  redundant  fluid  is 
uniformly  spread  over  the  surfaces  of  both. 

When  the  plates  HK  and  AB  are  in  this  state,  let  the 
plates  DF  and  LM  be  brought  near  them,  as  is  represented 
in  the  figure,  C£  being  the  distance  of  the  centres  of  AB 
and  DF.  It  is  evident,  that  the  redundant  fluid  in  AB  will 
act  on  the  natural  moveable  fluid  in  DF,  and  drive  some  of 
it  along  the  canal  EN,  and  render  LM  overcharged.  Take 
off  this  redundant  fluid  in  LM.  This  will  diminish  or  an- 
nihiUte  the  repulsion  which  it  was  beginning  to  exert  on 
'  the  canal  EN ;  therefore  more  fluid  will  come  out  of  DF, 
mnd  again  render  LM  overcharged.  The  redundant  fluid 
in  LM  may  again  be  taken  off,  in  less  quantity  than  beibr^ 
at  is  plain.  Do  this  repeatedly  till  no  more  can  be  taken 
<iff.  But  this  will  undoubtedly  render  DF  undercharged, 
and  it  will  now  contain  redundant  inatter.  This  will  act 
on  the  fluid  in  the  canal  6C,  and  abstract  it  from  6 ;  there- 
fyte  fluid  will  come  out  of  HK  into  AB.    HK  will  be  less 
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4i?eKtiarged  tbaii  before,  and  AB  will  be  more  overcharged. 
But  the  now  increased  quantity  of  redundant  fluid  in  AB 
will  act  more  strongly  on  the  moveable  fluid  in  DF,  and 
drive  more  out  of  it  This  will  leave  more  redundant  mat- 
ter in  it  than  before,  and  this  will  act  as  before  on  the  fluid 
in  the  canal  6C.  This  will  go  on,  by  repeatedly  touching 
LM,  till  at  last  all  is  in  equillbrio.  Or  this  ultimate  state 
may  be  produced  at  once  by  allowing  L\I  to  communicate 
with  the  ground.  And  now,  in  this  permanent  state  of 
things,  HK  contains  a  certain  quantity  of  redundant  fluid; 
AB  contains  a  greater  quantity ;  DP  contains  redundant 
matter;  and  LM  contains  its  natural  quantity.  The  de- 
mand of  the  problem  therefore  is  to  determine  the  propor- 
tion of  the  redundant  fluid  in  HK  to  that  in  AB,  and  the 
proportion  of  the  redundant  fluid  m  AB  to  the  deficiency 
of  fluid  in  DF.  The  dynamical  considerations  which  de- 
termine these  proportions  are,  1st,  The  repulsion  of  the  re- 
dundant fluid  in  AB,  for  the  fluid  in  the  canal  EN,  must 
be  precisely  equal  to  the  atti^tion  of  the  redundadt  matter 
in  DF  for  the  same  fluid  in  the  canal ;  for  LM,  being  sa- 
turated, is  neutral.  2d,  The  repulsion  of  the  redundant 
fluid  in  HE,  for  the  whole  fluid  in  the  canal  6C,  must  ba- 
lance the  excess  of  the  repulsion  of  the  redundant  fluid  in 
AB  above  the  attraction  of  the  redundant  matter  iti  DF  for 
the  same. 

Let  the  redundant  fluid  in  AB  he^f. 
the  ted  undent  matter  in  DF  =  m. 
the  redundant  fluid  in  HK       =  F. 

Because  HK  and  AB  are  equal,  there  can  be  no  doubt 
but  that  the  fluid  in  those  plates  would  be  similarly  dis- 
posed ;  and  it  is  highly  probable,  that  if  AB  be  very  near 
DF,  the  redundant  fluid  in  AB,  aild  the  redundant  matter 
in  DF,  will  also  be  disposed  nearly  in  the  same  manner. 
This  will  appear  pldnly  when  we  consider  with  attention 
the  forces  acting  between  a  Very  small  portion  of  AB  and 
.the  corresponding  portion  of  DF.  The  probability  that 
this  is  the  case  b  so  evident,  that  we  apprehend  it  unneces- 
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Huy  to  detail  the  proofs.  We  shall  afterwards  ooosidcr 
fome  circumstances  which  shew  that  the  disposition  in  the 
three  plates  wUl  (though  nearly  similar)  be  nearer  to  a  state 
qf  uniform  distribution  than  if  only  AB  and  HK  had  been 
in  action.  Assuming  therefore  tliis  similarity  of  distribu^ 
tion,  it  follows,  that  their  actions  on  the  fluid  in  the  canals 
will  be  simitar,  and  nearly  proportional  to  their  quantities. 

Therefore  let  1  be  to  n  as  the  repulsion  of  the  fluid  in 
AB,  for  the  fluid  that  would  occupy  C£,  is  to  its  repukioa 
for  the  fluid  in  CG.  

Th^n  the  action  of  ABon  EN  is/x  n^^l^  and  the  ac- 
tion of  DF  on  EN  is  m  n  ,*  therefore,  because  the  plate  LM 
is  inactive,  the  actions  of  ABand  DF  on  £N  must  balance 

is~l 

each  other,  and/ X  »— 1  =mit,andm=/x      JJ~' 

The  repulsion  of/for  the  fluid  in  CG  is/n.  The  at- 
traction of  m  for  it  ismx^-— ^9   And  because  m  =f  x 


-,  the  attraction  of  m  for  the  fluid  in  CG  is/  x 


n 


X  »  —  !•     Ilierefore  the  repulsion  of/ is  to  the  attraction 

r«  

mas/nto/x  "       \  or  «»/na  to/x  » — 1*,  oriis»*la 

n 

n — 1*.  Call  the  repulsion  of/  (r),  and  the  attraction  of  m  (a). 

We  have  r:a  =  n4:n— 1^ 

and  rir-^azzn^in'^  —  (iir— l)*  =  n*:2ii~l. 

Therefore,  because  the  repulsion  of  F  is  equal  to  this 

excess  of  r  above  a,  we  have  n* :  2 «—  1  =/:  F,  and  F  =/ 

— ^ — ^  or /=  F  gy^ I .   Therefore,  if  n«  is  much  greater 

than  2  n  •—  1,  the  quantity  of  redundant  fluid  in  AB  will  be 

much  greater  than  the  quantity  in  HK. 

136.  Now  when  the  electric  action  is  inversely  as  the 

square  of  the  distance,  and  EC  is  very  small  in  comparison 

with  AC,  we  have  seen  (§  1 15.)  that  1 :  it  nearly  =  C£ :  CA^ 

AC 
ar  that  n  k  nearly  £—•    When  this  ia  theeasey  and  cone- 
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qucotly  «  is  a  considerable  number,  we  may  take  the  num- 
ber  2^ for ^n  "^1  ^^^**^  *°y  g*^^^ error.     In  this  cose/ 

is  equal  to  F  x  q  ^^  nearly.      Suppose  CA  to  be  six 

inches,  and  CE  to  be  T^th  of  an  inch;  this  will  g^e  n  =  120, 

f^         14,400 
and/=  60r ;  or,moreexacdy,/=.F  X  2n— i  =  299    ; 

=  60^F.  I^  instead  of  the  plate  HK,  we  employ  a  globe  of 
the  same  diameter,/ will  be  but  half  of  this  quantity,  or/ 

=  Fx:j- 0123,  124) 

IS&  It  also  appears,  that  when  the  plates  AB  and  DF 

are  very  near  to  esudi  other,  and  consequently  n  a  large  nuni>- 

ber,  the  deficiency  in  DF  is  very  nearly  equal  to  the  redun* 

119^,   . 
daacy  in  AB.    In  the  example  now  given,  m  =  I^/  bemg 

137.  Yet  this  great  deficiency  in  DF  does  not  make  it 
dectrical  on  the  side  toward  LM.  It  is  just  so  much  evft* 
cuated,  that  a  particle  of  fluid  at  its  surfitce  has  no  tenden- 
ey  to  enter  or  to  quit  it. 

Lastly,  thb  great  quantity  of  fluid  cdlected  in  AB  does 
not  render  it  mcH^  electrical  than  HK. 

In  general,  things  are  in  the  condition  treated  of  in  §  88, 

The  attentive  reader  will  readily  see,'  that  this  account  of 
the  apparatus  of  four  plates  is  only  an  aj^iroximation  to  the 
CQoditioii  that  really  obtains  under  our  observation.  Our 
canals  are  not  of  indefinite  length,  nor  occupied  by  fluid 
that  is  distributed  with  perfect  uniformity  ;  nor  is  the  fluid 
unifiarudy  qiread  over  the  surface  of  the  plates.  He  will 
also  see,  that  the  real  state  of  things,  as  they  occur  in  our 
experiments,  tends  to  diminish  the  great  disproportion  which 
this  imaginary  statement  determines.  But  when  the  canals 
*  are  very  long  in  comparison  with  the  diameters  of  the  plates, 
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and  AB  is  very  near  to  DF,  the  difference  from  this  deter* 
mination  is  inconsiderable.  We  shall  note  these  differences 
when  we  consider  the  remarkable  phencxnena  that  are  ex- 
plained by  them. 

In  the  mean  time,  we  shall  just  mention  some  »mple  con- 
sequences of  the  present  combination  of  plates. 

138.  Suppose  AB  touched  by  a  body.  Electric  fluid  will 
be  communicated ;  but  by  no  means  all  the  redundant  fluid 
contained  in  AB :  only  as  much  will  quit  it  as  will  reduce 
it  to  a  neutral  state,  if  the  body  which  touches  it  communis 
cates  with  the  ground ;  that  is,  till  tlie  attraction  of  the  re- 
dundant matter  in  DF  attracts  fluid  on  the  remote  side  of 
AB  as  much  as  the  redundant  fluid  left  in  AB  repels  it. 
When  this  has  been  done,  DF  is  no  longer  neutral ;  for  the 
repulsion  of  AB  for  the  fluid  in  EN  is  now  diminished,  and 
therefore  the  attraction  of  DF  will  prevail.  If  we  now 
touch  DF,  it  may  again  become  neutral  with  respect  to  EN ; 
but  AB  will  now  repel  again  the  fluid  in  CG,  and  again  be 
electric  on  that  side  by  redundancy.  Touching  AB  a  se- 
cond time,  takes  more  fluid  from  it,  and  DF  again  becomes 
electric  by  deficiency,  and  attracts  fluid  on  that  side.-— And 
thus,  by  repeatedly  touching  AB  and  DF  alternately,  the 
great  accumulation  of  fluid  in  AB  may  be  exhausted,  and 
the  nearly  equal  deficiency  in  DF  may  be  made  up, 

139.  But  this  may  be  done  in  a  much  more  expeditious 
way.  Suppose  a  slender  conducting  canal  abd  brought 
very  near  to  the  outsides  of  tlie  plates,  the  end  a  being  near 
to  A,  and  the  end  d  to  D.  The  vicinity  of  a  to  A  causes 
the  fluid  in  a  ft  to  recede  a  little  from  a  by  the  repulsion  of 
the  redundant  fluid  in  AB.  This  will  leave  redundant  mat- 
ter in  a,  which  will  strongly  attract  the  redundant  fluid  from 
A,  and  a  may  receive  a  spark.  But  the  consequence,  even 
of  A  nearer  approach  of  the  fluid  to  the  outward  surface  of 
A,  ^will  raider  the  corresponding  part  of  DF  more  attrao- 
iir^«n4  the  retiring  of  fluid  from  a  along  a6  will  push 
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tmieDf  its  natural  fluid  toward  d;  and  thus  A  becomes 
more  disposed  to  give  out,  and  a  to  take  in,  while  d  is  dis- 
posed to  emit,  and  D  to  attract  Thus  every  circumstance 
fiiTours  the  passage  of  the  whole,  cur  almost  the  whole,  re* 
dundant  fluid  to  quit  AB  at  A,  to  go  along  aid,  and  to  en» 
ter  into  DF  at  D. 

140.  It  is  plain,  that  there  must  be  a  strong  tendency  in 
the  fluid  in  AB  to  go  into  DF,  and  that  the  plates  must 
strongly  attract  each  other.  A  particle  of  fluid  situated  be- 
tween than  tends  toward  DF  with  a  force,  which  is  to  the 
sole  repulsion  of  AB  nearly  as  twice  the  redundant  fluid  in 
it  to  what  it  would  contain  if  electrified  to  the  same  d^ee 
while  standing  alone. 

With  this  particular  and  remarkable  case  of  induced  e]ec-» 
tncity,  we  shall  conclude  our  explanation  of  Mr.  ^pinus* 
Theory  of  £lectTtc  Attraction  and  Repulsion.  The  reader 
will  recollect,  that  we  began  the  oonaderation  of  the  dispo- 
mdoa  ef  the  electric  fluid  in  bodies,  in  order  to  deduce  such 
l^lhimate  consequences  of  the  hypothetical  law  of  action  as 
we  could  compare  with  the  phenomena. 

141.  These  comparisons  are  abundantly  supplied  by  the 
preceding  paragraphs,  particularly  by  $  74, 75, 76 ;  by  §il90, 
and  by  §  134. 

Let  a  smooth  metal  q)here  be  dectrified  pontiyely  in  any 
manner  whatever,  and  then  touch  it  with  a  small  one  in  its 
natural  stale.  The  redundant  fluid  b  divided  between  them 
in  a  proportion  which  the  theory  determines  with  accuracy. 
By  the  theory  also  the  redundant  fluid  in  both  acts  as  if  col' 
leoCed  in  the  centre.  Therefore  the  proportion  erf*  the  repuL 
sions  is  determined.  These  can  be  examined  by  our  eleo* 
trometer.  But,  as  this  mensuration  may  be  said  to  depend 
on  the  truth  of  the  theory,  we  may  examine  this  independ- 
ent of  it  Let  the  balls  be  equal  Then  the  redundant  fluid 
is  divided  equally  between  the  bodies,  whatever  be  the  law 
•faction.    Therefore  obeenre  the  electrometer,  as  it  is  af- 
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fected  by  the  electrified  body,  both  before  and  after  the 
munication.    This  will  give  the  positions  of  the  electrome- 
ter  which  correspond  to  the  quantities  1  and  4. 

143»  Take  ojBT  the  electridty  of  one  of  the  balls  by  touch* 
ing  it,  and  then  touch  the  other  ball  with  it  This  will  re- 
duce to  T  of  itself  the  quantity  4,  and  therefore  to  i^h  of 
the  original  quantity.  This  will  determine  the  Talue  of  an- 
other porition  of  the  electrometer.  In  like  manner,  we  ob* 
tain  |th«  tV^  ^^  ^«  Then,  by  touching  a  ball  contain- 
ing 1  with  a  ball  contuning  {-we  get  a  poation  for  j^  f, 
fcc  Proceeding  in  this  way,  we  graduate  our  dectrometer 
independently  of  all  theory,  and  can  now  examine  the  elec- 
tricity of  bodies  with  confidence.  The  writer  of  this  arti- 
cle took  this  method  of  examining  his  electrometer,  not  hav- 
ing then  seen  Mr*  Cavendishes  dissertation,  which  gives 
another  mode  of  measurement  He  had  the  satisfaction  of 
observing,  in  the  first  place,  that  the  positions  of  the  iiW 
strument  which  unquestionably  indicated  1,  {,  ^,  &c.  were 
precisely  those  which  should  indicate  them  if  electric  r^ 
pulrioB  be  inversdiy  as  the  squares  of  the  distances.  Hav- 
ing thus  examined  the  electrometer,  it  was  easy  to  give  to 
balls  any  proposed  dqpree  of  electricity,  and  then  make  a 
communication  between  balls  of  very  different  diamet^^ 
The  electrometer  informed  him  when  the  repeated  abstrao- 
tidis  by  a  small  hall  reduced  the  electricity  of  a  large 
ball  to  4, 1,  fco.  This  shewed  the  proportion  of  electricity 
oontttned  in  balls  of  diff»«nt  diameters.  This  was  alsa 
found  to  be  such  as  resulted  from  an  action  in  the  inverse 
duplicate  ratio  of  the  distances. 

143.  Long  after  this,  Mr.  Cavendish's  investigation  point- 
ed out  the  proportion  of  the  redundant  electric  fluid  in  balls 
of  different  rises  jmied  by  long  wires ;  in  §  ISO,  &c.  these 
were  examined— and  found  to  be  sudtk  as  were  so  indicated 
by  the  electrometer. 

144v  And,  laady,  the  mode  of  accumulating  great  quan- 
tities of  ittid  bf  aeans  of  paiallei  plates^  gave  a  third  way 
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mS  confttmttng  the  hypoAetical  law  wkh  experiment.  The 
nrgnaeut  wasao  lew  Haltsfaetory  in  th\»  case;  but  the  eza- 
Bioalion  required  etteaUoo  to  fiaiticulari  oot  yet  mention- 
ed, which  made  the  pni^^ertioae  between  the  fluid  in  HK 
and  AB  (fig.  3.)  widdy  diffarent  from  thoae  mentkmed  in 
die  Dfeoedine  paracraphs.  Theea  cireumttances  are  amomr 
the  most  curiouH  and  iaporiaat  in  the  whole  study,  and 
wiU  be  eonttdered  in  their  place. 

li&  We  rest  tfaerefiire  with  eowfldence  on  the  truth  of 
tbe  hw  of  electric  action,  assmned  by  us  as  a  principle  of 
ffiqWanatien  and  iuTcstigation.  It  is  quite  needkesand  un- 
pmdtable  to  give  any  detail  of  the  numerous  experiments  in 
which  we  oonfnmted  it  with  the  phenomena.  The  acruptt« 
lous  reader  will  get  ample  satisfaction  from  the  excellent  es- 
perifflents  of  Mr.  Coidomb  with  his  delicate  electrometer. 
He  will  find  them  in  the  Memmrs  of  the  Academy  of  Sden- 
mb  of  PariB  for  17B4,  1786,  1766,  and  17S7.  Some  of 
tlicm  are  of  the  same  kind  widi  those  employed  by  the  writw 
of  this  article ;  others  are  of  a  different  kind ;  and  asany  axe 
directed  to  another  olyect,  extremely  curious  and  in^fxirtaQt 
in  this  study,  namely,  to  discover  how  the  electric  fluid  la 
diqxMed  in  bodies ;  and  a  third  set  are  directed  to  an  exa- 
minaUoo  of  the  osanner  in  which  the  electric  fluid  is  dissi- 
pated along  imperfect  condudors. 

But  we  have  already  drawn  this  article  to  a  great  length, 
and  must  bring  it  to  an  end,  by  explaining  some  very  re- 
markable phenomesia,  namely,  the  opemrion  of  the  Leyden 
|diial,  the  operation  of  the  electrophorus,  end  the  dissipa- 
ten  of  elec^ac^ty  by  sharp  paints  and  by  ianperfectconduo- 
tors. 

14tf.  The  observations  of  Mr.  Watson  on  Ae  necessity  of 
eosmecting  the  rubber  a£  an  electrical  machine  with  the 
gBound,  ns^(hit  have  suggested  to  phiksophers  the  doctrine 
of  phct  aiid  mimu  electricity,  especially  after  the  valuable 
dieoovcries  of  Mr.  Symaser  and  Cigaa.  A  serious  connde- 
xalioa  of  these  genmd  SuU.  would  have  ied  lo  the  dieqry 
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•floated  glas^  almost  at  its  first  appearance.  But  the  hm*^ 
torical  fact  was  otherwise ;  and  a  considerable  time  elapsed 
between  the  first  experiments  with  charged  glass  by  Eleis^, 
and  the  dear  and  satisfactory  account  ^ven  by  Dr.  Frank- 
lin,  of  all  the  essential  paits  of  the  apparatus,  and  the  proi' 
bable  procedure  of  nature  in  the  phenomenon.  The  impeiv- 
meability  of  glass  by  the  electric  ftuid,  and  the  consequent 
abstraction  of  it  from  the  one  side  while  it  was  accumulated 
on  the  o0ier,  suggMed  to  his  acute  mind  the  leading  prin* 
ciple  of  electrical  philosophy ;  namely^  that  all  the  pheno^ 
mena  arise  from  the  redundancy  or  deficiency  of  electrie 
fluid,  and  that  a  certain  quantity  of  it  resides  naturally  ia 
all  bodies  in  a  state  of  uniform  distribution,  and,  in  this 
state,  produces  no  sensible  effect.  This  was,  in  his  hands^ 
the  inlet  to  the  whole  science ;  and  the  greatest  part  of  what 
lias  been  ance  added  is  a  more  distinct  explanation  how  the 
redundancy  or  deficiency  of  electric  fluid  produces  the  ob^ 
served  phenomena.  Dr.  Franklin  deduced  this  leading 
principle  from  observing,  that  as  fast  as  one  side  of  a  glass 
]4ate  was  electrified  positively,  the  other  side  appeared  nega^ 
live,  and  that,  unless  the  electricity  of  that  side  was  com- 
municated to  other  bodies,  the  other  side  could  be  no  far- 
thet  dectrified.  Having  formed  this  opinion,  the  old  obser- 
vations of  Watson,  Symmer,  and  Cigna,  were  explained  at 
once,  and  the  explanation  of  the  Leyden  phial  would  have 
come  in  course.  It  is  for  these  reasons,  as  mvch  as  for  the 
iniportant  discovery  of  the  sameness-  of  electricity  and  of 
thunder^  that  Dr.  Frankhn  stands  so  high  in  the  rank  of 
philosophers,  and  is  justly  considered  as  the  author  of  this 
department  of  natural  science.  Whatever  credit  may  be 
due  to  the  chemical  speciilations  of  De  Luc,  Wilcke,  Wink- 
ler, and  many  others,  who  have  attempted  to  associate  elec^ 
tricity  with  other  operations  of  nature,  by  resolving  the  elec- 
tric fluid  into  its  constituent  parts,  all  their  explanations 
presuppose  a  mathematical  and  mechanical  doctrine  con- 
eerning  the  mode  of  action  of  the  ingredieBts^'which  will 
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looount  for  the  total  inactivity  of  the  oompound,  or 
•ill  explain,  in  the  very  same  niamier,  the  action  of 
ipound  itself:   yet  all  seem  to  content  themselves 
vague  and  indistinct  notion  of  this  preliminary  step^ 
ve  allowed  themselves  to  speak  of  electrical  atmo^ 
,  and  spheres  of  activity,  and  such  other  creatures  of 
ind,  without  once  taking  the  trouble  of  considering 
sr  those  assumptions  afforded  any  real  explanaUon, 
different  was  Newton^s  conduct     When  he  discovered 
he  planets  attracted  each  other  in  the  inverse  duplicate 
of  the  distances,  and  that  terrestrial  gravity  was  an  in- 
f  of  the  same  force,  and  that  there  fare  the  deflectioa  cf 
;rth  was  the  eflect  of  the  accumulated  weigfat  of  all  its 
;   he  did  not  rashly  affirm  this  of  the  planets,  till  he 
ined  what  would  be  the  effect  of  the  accumulated  at- 
m  in  the  above  mentioned  proportion. 
\  Mr.  ^pinus  has  the  honour  of  first  treading  in  the 
of  our  iUuatnoQs  oountryman ;    aBd  he  has  done  it 
singular  success  in  the  explanai'ion  of  tlie  phenomena 
raction  and  repulsion,  as  we  hare  already  seen.    In  no 
^'tbe  study  has  his  success  been  so  conspicuous  as  in 
planation  of  the  curious  and  important  phenomena 
Leyden  phial.     It  only  remained  for  him  to  account 
e  accumulation  of  such  a  prodigious  quantity  of  this 
as  was  competent  to  the  production  of  effects  which 
d  to  exceed  the  similar  effects  in  other  cases,  out  of  all 
rtion.     Indeed,  the  disproporUon  is  so  great,  as  to 
them  appear  to  be  of  a  different  and  incomparable  na- 

Dr.  Wilson's  experiments  m  the  pantheon  arc  there, 
irecious,  by  shewing  that  nothing  was  wanted  for  the 
ctioD  of  all  the  efiecU  of  the  Leyden  phial  but  a  sur- 
jfficiently  extensive  for  containing  a  vast  quantity  of 
ind  ao  perfectly  conducting  as  to  admit  of  its  simuU 
IS  and  rapid  transfereoce.     Therefore  we  assert,  that 

the  chief  merits  of  Mr.  iEpinus'  theory  is  the  satis. 
'  explanation  of  the  accumulation  of  this  vast  quani'u 
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tydf  fluid  in  a  smaQ  spioe.  We  trust,  therafbre,  tkat  emr 
readers  will  peruse  it  with  pleasure.  But  we  must  liere  iA^ 
fxne,  diat  Mr.  iEpinus  has  not  expressly  done  this  in  the 
work  which*  we  hare  already  made  so  much  use  of^  nor  itt 
any  other  that  we  know  of.  He  has  gone  no  iartheir  than 
tn  petnt  out  to  the  mathematicians,  that  his  hyfocheais  la 
adequate  to  the  aoeounting  for  any  degree  of  aecumuIatio» 
whatever.  This  he  does  in  that  part  a^  his  work  which  con^* 
ttnns  the  formute  of  $  38,  39,  40,  41^  ^  And  he  after- 
wards  shews,  that  all  the  phenomena  of  attraction  and  re^ 
pulsion  which  ore  observed  in  the  charged  jar  are  precisely 
anch  as  are  necessaiy  conseqtienoes  of  his  theory. 

148.  It  M  to  the  Hon.  Mr.  Cavendish  that  we  are  indebU 
ed  for  the  satisfactory,  the  eoMr^^te  (and  we  may  call  it  ik$ 
f^fuktr)^  explanation  of  all  the'  phenomena.  Forming  to 
himself  the  same  notion  of  the  meehanieal  pfoperties  of  the 
electric  fluid  withlfr.  iSfnnus,  he  enammed,  with  the  pa> 
tienee,  and  much  of  the  nddress  of  a  Newten,  the  action  of 
Biieh  a  fluid  on  the  fluid  around  it,  and  the  setunble  eflfects 
on  the  bodies  in  ^ieh  it  resided ;  the  disposition  of  it  in  n 
eonsideraUe  variety  of  cases;  and  paHieolarly  its  ac^n  on 
the  fluid  contained  in  slender  canttls  and  In  pardlel  plates ; 
-^1  he  arrived  at  a  rituation  of  things  ^milar  to  tl^  Ley« 
den  phial.  And  he  then  pointed  out  the  predse  degree  of 
accumulation  that  was  attainable,  on  different  suppositiona 
oonoeming  the  law  of  electric  action  in  general.  We  have 
given  an  abstract  of  this  investigation  accommodated  to  the 
inverse  duplicate  ratio  of  the  distancaa 

149.  From  this  it  appears  (§  135;),  that  whatever  quan* 
tity  of  electric  fluid  we  can  put  into  a  drcular  plate  13  inches 
in  diameter,  by  ^mple  communication  with  the  prime  con- 
ductor of  an  electriod  machine,  we  can  accumulate  60  times 
as  much  in  it  by  bringing  the  plate  within  ,Vth  of  an  inch 
of  another  equal  plate  which  communicates  with  the  ground ; 
and  it  appears  in  §  139,  that  all  this  accumulated  fluid  may 
be  transferred  in  an  instant  to  the  other  plate  (which  is 
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«hiwii  te  be  almost  equally  deprived  of  fluid),  by  connect- 
ing the  two  plates  by  a  sumJI  wire. 

But  as  it  was  also  shewn  in  that  paragraph,  that  the  forot 
with  which  the  accumulated  fluid  was  attracted  by  the  r&- 
dundant  matter  in  the  other  plate  was  exceedingly  greats 
and  consequently  its  tendency  to  escape  was  proportionably 
Micteased ;  this  accumulation  cannot  be  obtained  unless  we 
can  prerent  this  spontaneous  transference. 

IM.  Here  the  non-conducting  power  of  idio-electrics^ 
without  any  diaaidution  oF  the  action  of  the  electric  fluid  on 
fluid  or  matter  on  the  other  side  of  them,  cones  to  our  aid« 
and  we  at  once  think  of  interposing  a  pkte  of  gkss,  or  waat^ 
or  rosin,  or  any  other  electric,  between  our  conduetiiig  platesL 
Siidi  is  the  immediate  suggestion  of  a  person's  mind  who 
entertains  the  jEpinian  notion  of  die  dectric  fluid  ;  and  such, 
we  ate  convinced,  is  the  thought  of  all  who  imagine  that 
fbcj  understand  the  phenomena  of  the  Leyden  phial.    But 
iJboae  wbo  attempt  to  explain  electric  acdon  by  means  of 
what  they  call  electric  atmospheres  of  ▼aiiaUe  dennty  or  in^ 
tensity,  are  not  entitled  to  make  any  such  infisrenoe,  nor  ta 
eqpect  any  such  phenomena  as  the  Lejrden  phial  eihiUts. 
Electricity,  they  say,  acts  by  the  interrention  of  atmos»> 
pheres:  Tborefoie,  whatever  allows  the  propagation  of  this 
action  (conceive  it  in  any  manner  whatever),  allows  the  pro- 
pi^ation  of  these  agents ;   and  whatever  does  not  conduct 
electric  action,  does  not  conduct  the  agents.     Interposed 
glass  should  therefore  prevent  all  action  on  the  other  plate. 
This  is  true,  even  although  it  were  possible  (which  we  think 
it  is  not)  to  form  a  dear  notion  of  the  free  passage  of  this 
material  atmoq)here  in  an  instant,  and  this  without  any  di*- 
minution  of  its  quantity,  and  consequently  of  its  action^  by 
the  displacement  of  so  much  of  it  by  the  solid  matter  of  the 
body  which  it  penetrates.    Yet  wiUiont  this  undiminished 
action  of  the  Aectric  plate  on  the  fluid,  and  on  the  matter, 
beyond  the  glass,  and  on  the  canal  by  whidi  its  fluid  may 
be  driven  off  into  the  general  niass«»-no  such  aocnmulation 
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can  take  place ;  and  if  the  phenomena  of  the  Leyden  phkf 
are  agreeable  to  the  results  of  the  iEpinian  hypothesis,  al 
explanation  by  atmospheres  must  be  abandoned.  Indeed 
when  the  partisans  of  the  atmospheres  attempt  to  explaio 
their  conceptions  of  them,  they  do  not  appear  to  diffier  from 
what  are  called  tpkerts  ofaeiimiy  (a  phrase  first  used  by  Dr. 
Gilbert  of  Colchester,  in  his  celebrated  work  De  MagneU  H 
Corporibu*  MagnMcU) :  and  s|^eres  of  activity  will  be  found 
nothing  more  than  a  figurative  expression  of  womt  indistinct 
conception  of  fidtUm  in  every  direetunL  When  we  use  the 
words  aUradion  and  repulsion^  we  do  not  speak  a  whit  mo^ 
figuratively  than  when  we  use  the  general  word  action.  Tbest 
terms  are  all  figurative,  only  attraction  and  repulsion  have 
the  advantage  of  specifying  the  direction  in  which  we  ooii* 
ceive  the  action  to  be  exerted. 

It  therefore  becomes  still  more  interesting  to  the  philosK 
j^erto  compare  the  phenomena  of  charged  glass  with 
the  iEpinian  theory.  They  afford  an  experimenlum  cruci»  ia 
the  question  about  electric  atmospheres. 

151.  Let  6  (Plate  II.  fig.  4.)  represent  the  end  of  a  prime 

conductor,  furnished  with  Henley's  electrometer.     Let  AB 

represent  a  round  plate  of  tinfoil,  pasted  on  a  pane  of  glass 

which  exceeds  the  tinfral  about  two  inches  all  round.     The 

pane  is  fixed  in  a  wooden  foot,  that  it  may  stand  upright 

and  be  shifted  to  any  distance  from  the  conductor.    DF  re* 

presents  another  plate  of  the  same  dimennons  as  AB,  in  the 

centre  of  which  is  a  wire  £N,  having  a  small  ball  on  the 

end  N,  to  which  is  attached  a  Canton^s  electrometer.     This 

'wire  passes  through  the  virooden  ball  O,  fastened  to  the  in« 

8ulating  stand  P.    The  glass  pane  must  be  very  clean,  dry, 

and  warm.     Connect  the  conductor  G  with  AB  by  a  wire 

I'eaching  to  the  centre  C.    Turn  the  cylinder  of  the  electri* 

cal  machine  slowly,  till  the  electrometer  rise  to  30^  or  40^, 

And  note  the  number  of  turns.    Take  off  the  electricity,  and 

having  taken  away  the  connecting  wire  6C,  turn  the  omu 

cbme  again  ti^  the  electnmieter  rise  to  the  same  height  The 
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difference  in  the  number  of  turns  will  give  some  notion  of 
tbe  expenditure  of  fluid  necessary  for  electrifying  the  plate 
of  tinfoil  alone.  This  will  be  found  to  be  very  trifling  when 
the  electricity  is  in  so  moderate  a  degree.  It  is  proper, 
however,  to  keep  to  this  moderate  degree  of  electrificatioUf 
because  when  it  is  much  higher,  the  dissipation  from  the 
edges  of  the  plate  is  very  great  Replace  the  wire,  and 
again  raise  the  electrometer  to  30o.  Now  bring  forward 
the  plate  DF,  keeping  it  duly  opposite  and  paralld  to  AB, 
and  taking  care  not  to  touch  it.  It  will  produce  no  sensi- 
ble change  on  the  poeitioa  of  the  electrometer  till  it  come 
within  four  or  three  inches  of  the  glass  pane ;  and  even  when 
we  briilg  it  much  nearer  (if  a  spark  do  not  fly  from  the  glass 
pane  to  DF),  the  electrometer  HG  will  sink  but  two  or 
three  degrees,  and  the  electrometer  at  N  will  be  Uttle  affect*; 
cd.  Now  remove  the  plate  DF  again  to  the  distance  of  twa 
or  three  feet,  and  attach  to  its  ball  N  a  bit  of  duun,  or  tit 
fier  or  gold  thread,  which  will  trail  on  the  table.  Againj^^ 
raise  the  electrometer  to  30^,  and  bring  DF  gradually  for- 
ward to  AB.  The  electrometer  HG  will  gradually  fall 
down,  but  will  rise  to  its  former  height,  if  DF  be  with* 
drawn  to  its  first  situation.  It  Is  scarcely  necessary  to  shew 
the  conformity  of  this  to  the  theory  contained  in  §  134, 135, 
ke.  As  the  plate  DF  approaches,  the  redundant,  fluid  in 
AB  acts  on  the  fluid  in  DF,  and  drives  it  to  the  remote  end 
of  tbe  wire  EN,  as  was  shewn  by  the  divergency  of  t|;ie  ^>all8 
at  N;  and  then  an  accumulation  begins  in  AB,  and  th^ 
electrometer  HG  falls,  in  the  same  manner  as  if  part  of  tbe 
fluid  in  the  prime  conductor  were  communicated  to  AB. 
When  DF  communicates  with  the  ground,  the  electrometer 
at  N  cannot  shew  any  electricity,  but  much  more  fluid  is 
now  driven  out  of  DF,  in  proportion  as  it  is  brought  neartt 
to  AB.  Instead  of  connecting  AB  immediately  with  tbe 
prime  conductor,  let  the  wire  GC  have  a  plate  at  the  end 
G,  of  the  same  dimensions  as  AB,  having  an  electrometer 
attached  to  the  mde  next  to  AB.  Let  this  apparatus  of  two 
VOL.  IV.  e- 
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phtes  beeleefrified  ny  bair,  and  mite  the  diftfgwcy  of  tte 
dectrofiipter  at  H,  beibre  DF  eo»miinicatiBg  whh  iki 
^fonnd,  18  bfougfat  tietr  it,  and  then  attend  to  the  chmgek 
We  shall  6tid  the  dSntetgeney  of  this  electtoBieter  ooit» 
pond  irith  the  dtttioce  of  AF  rtry  nearly  a»  the  tbtoiy  » 
^piife& 

152.  WbUe  the  plates  AB.  atd  DF  are  near  each  adn^ 
^Upedalty  when  DF  comtnunicftte^  irteb  the  grooiidy  if  «e 
hang  a  pith-pdl  between  them  by  a  silk  thready  it  wii  h$ 
Hfoagly  attracted  by  the  plate  whids  is  nearest  to  it^  wIhh 
tfier  DF  or  AB ;  atid  hating  touted  h,  it  will  be  brisUp 
repelled,  and  attratfted  by  thegkto  pane^  which  will  T^psLi 
After  con  tact ,  to  be  itgHn  attracted  and  repelled  by  DF ;  aai 
Hmn  bandied  between  the  platts  till  dl  electridity  diaappMi 
lb  both,  the  electroineMr  attlKshed  to  H  deseeiidii^grmdiaii 
If  all  the  while. 

159.  As  an  these  (ilienattena  are  esoM  reninrkable  in  pw 
pbttiflttas  the  plates  ai^  brought  neater,  they  are  inosi;of  al 
when  DF  is  i^plM  dose  to  the  gkse  pane.  And  i^  ih  tUi 
ifititation,  we  take  any  acctlrate  method  for  raoasutttig  iki 
intensity  of  the  dectriclty  in  the  plate  HG,  befoi^  the  ap« 
proach  of  DF,  we  shall  ftid  the  diminution,  ooeaaieiiid  bf 
its  coming  into  ftiH  contact  with  the  pane,  coftsiderably 
greater  than  what  is  pointed  out  in  $  ISA.  When  we 
|>Ioye:1  plates  of  12  inches  diameter,  pasted  on  a  pane 
ibnieth  of  an  indi  in  thickness,  we  found  the  diminutitfli  net 
less  thaa  IM  parts  of  £00;  and  we  found  that  it  lequkrel 
at  least  20O  times  the  i^tolution  of  the  eyfinder  tarataethl 
dectrometer  to  the  same  height  as  before.  This  cmapart* 
ton  is  not  susceptible  of  great  accuracy,  by  reason  of  oiafty 
t&xnraistances,  which  will  occur  to  an  eleetrieian.  Bui  in  aK 
tbe  trials  we  hate  made,  we  are  certain  that  the  aeevmnbh 
tion  greatly  exceeded  that  pointed  out  by  the  JBpinian  Aeo^ 
'y  as  improyed  by  Mr.  Carendish.  And  we  most  here  el^ 
^^^e^  that  we  found  this  superbrity  more  remarkable  hi 
^Mae  kinds  of  ghm  than  othens  and  moie  remaitaUe  ia 


oihir  uikMlcBttlta  We  ikink  that  i»  gsumi  k  wm 
niiaikabk  in  die  fiotfvae  luiidtf  (tf  gfaM,  provUtedthey 
iittifixady  tt«aqp«Mit*  We  fcHiiid  H  MMt  renuBrkalife 
icm  glut  wMdi  bid  exfdyitted  gieedy  bj  A» 
]  birt  tNT  thofirandthttliiidigbHMSiicteTeryi^ 
lo  be  bum  by  the  ebarge.  Tbe  hardest  md  best  Loaden 
cnmtt*gleis  teened  to  eeixnouktte  kM  ihtfi  eiiy  iilher ;  nd 
a  •ohxirad  gUss,  whkk  when  viewed  by  teiectton  m^aoA 
^ihie  opttke^  bat  eRMwed  bitimi  by  tntoseritted  Sght,  ed- 
mitesd  en  eteuMdetiea  gfuUj^  exeeedieg^  A  thai  we  heife 
tried;  bot  it  eeiikl  net  be ehet^  ttineh  higher  wkhmit  the 
eeneinty  ef  befa%  bunt  TMs  divefsiQr  hi  Ae  eeeomttle- 
iis%  whkh  sMy  be  Aide  h  difteent  kfakls  ofglees,  hifidMto 
ns  tnm  eoiapering  the  Ambtu  aocumuhttioM  ewHgned  hjf 
the  Aeory  wkh  those  wUdi  experiment  pf es  usw  Btft 
thengh  we-cannet  mnhe  this  copipnriecin,  weoMiniakeothet» 
WhUi  see  equally  settsGiclory.  We  ean  ffistover  whet  pMK 
|Of«imi  there  is  between  the  eccmnaletioti  ki  ^aas  ef  the 
idnd,  as  it  nniy  dtilbr  in  thldknesi  ned  hi  eittettt  ef  sttf- 
Using  niim>r  glass,  wMdk  is  of  nnifbhn  and  meseuiv 
sMe  Aiekness^  and  Tery  iat  ptatesi  wliich  cene  into  aeeuh 
iSie  er  eipMbie  eoiitaet*'»<we  found  that  tbe  aotmmulatfon  ie 
iBMMefy  as  the  diiekness  of  the  pktes;  bnt  with  tUs  et- 
esptioi^  thai  when  two  plates  were  used  instead  of  a  ptatt 
ef  dedUe  thieknesSy  tile  Amination  by  the  inarease  ofthidt^i 
Mse  was  fKA  nearly  in  the  proportion  of  tins  increase*  In^ 
etend  of  bsing  reduced  to  one^half,  it  was  more  than  two^- 
tMrds  t  and  in  tbe  Und  called  Dutch  plau^  the  diminntioit 
wne  incoDSiderabie. 

IIH.  The  experiments  with  the  Dutch  and  other  doufete 
pkles,  suggested  another  instructive  and  pretty  experiment; 
Obserrinf  Aese  plates  to  cohere  with  considerable  fora^  M 
was  thoiq^  worth  while  to  measure  it;  which  was  attempt 
ed  b  this  manner:  Two  t^  flat  brass  plates  AB,  DF 
(Pkte  II.  fig.  6.),  furtrished  widi  wires  and  baDs,  were  sun* 
pended,  rtXMit  thtee  inches  asunder^  bjr  ^  thieedi^  as  (#• 
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pmmited  ia  the  figiire.  At  O  was  attached  a  rery  fine  nl* 
ver  wire,  which  bung  very  looee  between  it  and  tbe  prime 
.O0nductor,  without  oonftng  near  tbe  table.  Another  waa 
.attached  to  N,  which  touched  the  table.  A  plate  of  mirror 
^lass  was  set  between  them,  as  shewn  by  QR.  When  tbis^ 
.apparatus  was  electrified,  the  threads  of  suspensbn  immedi- 
'ately  be^an  to  deviate  frc^m  the:perp«ulicular,  and  die  plates 
Itp  approach  the  glass  pane  and  each  other.  The  pane  was 
carefully  shifted,  so  as  to  be  kept  in  the  middle  between 
.  tbem«  This  result  shewed  very  plainly  the  pressure,  of  tbe 
.fluid  on  one  of  the  plates,  and  the  mutual  attraction  of  the 
tedundant  matter  and  redundant  fluid.  This  increased  as 
the  accumulation  increased ;  and  it  was  attempted  to  poow 
fare  the  attraction  with  the  accumulation,  by  comparing 
the  deviation. of  the  suspending  threads  with  that  of  the 
.electrometer  attached  to  the  prime  conductor ;  but  we  could 
jnot  reconcile  tbe.  series,  (which,  however,  was  extrem^ 
Mgular)  witb  the  law  of  electric  action.  This  harmooy 
.was  probably  disturbed  by  the  fbroe  employed  in  raising  the 
ailv^  wires.  When  more  flexible  silver  threads  were  used 
jpuch  was  lost  by  dissipation  from  the  roughnels  of  tbe 
^read.  We  did  jiot  think  of  empbying  a  fine  flbxen  thread 
jnoisiened :  but,  indeed,  an  agreement  was  hardly  to  be  ex- 
pected ;  because  theory  teaches  us,  that  the  distributiofn  of 
of  the  redundant  fluid  in  AB  will  be  exU^uely  different 
£rom  the  distribution  of  the  redundant  matter  in  DF,  till 
jthe  fJates  come  very  near  each  other. ;  The  accumalatioa 
in  AB  depends  greatly  on  the  law  of  distribution,  being  less 
(with  any  degree  of  redundancy)  when  the  fluid  is  denser 
near  the  centre  of  the  plate.  Other  circumstances  concur- 
red to  disturb  this  trial ;  but  the  theory  was  abundantly  con- 
firmed by  the  experiment,  which  shewed  the  strong  attrac- 
tion arising  from  the  accumulation.  This  was  so  great,  that 
although  U)e  j^tes  were  only  three  inches  in  diameter,  and 
(he  glass,  pane  was  ^  of  an  inch  thick,  and  the  threads  de- 
yiated  about  18  dc^grees  from  the  perpendicular-»it  requir- 
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cdibofem  cmnoe  weight,  hung  on  the  wire  EN,  to  aepa. 
nle  tbe  fdates  from  the  glass. 

I JS.  The  experienced  electrician  need  not  be  toU,  that 
bf  bringing  the  two  ends  of  a  bent  wire  in  contact  with  the 
tro  plates  (6rst  touching  DF  with  it)  discharges  the  app^ 
otus,  and  causes  the  plates  to  drop  off  from  the  pane.  But 
be  may  farther  observe,  that  if  there  be  attached  to  each 
cad  of  tbe  discharging  wire  a  downy  feather,  and  if  he  6nt 
bring  the  end  near  the  plate  DF,  and  observe  tiie  feather 
to  be  not  at  aU,  or  but  a  very  little,  afiected,  and  if  he  then 
bend  round  the  other  end  toward  the  plate  AB,  boihfealhtn 
rill  immediately  stretch  out  their  fibres  to  the  pJaten,  and 
ding  fittt  to  them,  long  before  the  discharging  spark  is  seen. 
This  is  a  fine  proof  of  the  process  of  discharge,  which  he- 
pus  by  the  induction  of  electricity  on  the  ends  of  the  dis- 
cha^ng  wire ;  first,  negative  electririty  on  the  end  that  ap> 
proadies  A,  and,  in  the  same  instant,  opposite  electricities 
at  D  and  tbe  adjoiimng  end  of  tbe  wire. 

156.  The  fbJlowing  observation  of  Professor  Bichmann 
of  St  Petersbuigh  is  extremely  instructive  and  amusing. 
Let  a  giaaa  pane  beooated  on  both  sides^  and  furnished  with 
a  small  electrometer  attached  to  the  coatings.  It  is  represent* 
edasif  seen  edgewise  in  plate  II.  fig.  6L  Let  it  be  charged  po- 
ahivdy  (that  is,  by  redundancy)  by  tbe  coating  AB,  while 
DF  communicates  with  the  ground.  The  electrometer  A  a 
will  stand  out  from  the  plate,  and  D  d  will  hang  down  dose 
by  its  ooadng,  as  long  as  DF  communicates  with  the  ground. 
But  as  the  dectricity  gradually  dissipates  by  communica> 
tioo  to  the  ccmtiguous  air,  the  1^1  a  will  gradually,  but  very 
slowly,  fall  down.  We  may  judge  of  tbe  intensity  of  the 
remaining  electricity  by  the  deviation  of  the  electrometer, 
sad  we  may  conceive  this  deviaUon  divided  into  degrees,  in- 
fcatiog,  not  angles,  but  intensities,  which  we  conceive  as 
proportional  to  tbe  redundancy  or  deficiency  which  oocauon 

them. 
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If  fit  ttkt  «Plsr  th9  amnnHMiiciHm  with  iht  gnmndU  we 
shall  observe  the  ball  a  fall  domi  wirjr  ipofdiiy,  mad  thta 
mart  dowly*  tittit  iwdb  fthont  h^af  ito  firsi  alevadon. 
Tie  batt  ^  wiU  al  the  saaM  time  fisa  to  Marly  tha  laiiia 
hm^jbAi  tfaaangk  between tlKt«>alacliioaielctacaAliBpiiig 
nsarly  the  saaie  as  at  first.  When  ihaaoeaaed  to  ffita,  both 
faidla  irill  Teiy  sbn^y  daseend,  tiU  tba  ahaife  is  lost  by  dUs* 
rijj^oo.  If  wo  toudi  DF  during  dna  dasosnt,  d  wil  ias- 
nadiately  &D  down,  and  a  will  as  mddenly  liae  nearly  aa 
imicb;  the  angle  between  tba  eleetroinelencowtiniiingnaav- 
ly  the  saaM.  Psnwys  the  ftnger  from  DF,  and  a  will 
hli,  and  d  will  rise,  to  nearly  theiv  fiwmer  plaoss;  and  dm 
alow  deseent  of  both  win  again  continue.  The  same  thing 
will  happen  if  we  toudi  AB ;  o  will  fidl  down  dose  to  the 
l^te,  and  i  will  rise,  tic.  And  due  alternate  toudiing  of 
the  ceatings  may  be  vepeatad  some  bmKbnds  of  times  before 
the  plate  be  diaeharged.  If  we  euipend  a  eiooked  wive  a 
m  Uy  haying  two  pitb-baUs  «  and  a  fnnn  an  tnsolated  point 
m  abwre  iltke  plate,  it- will  vibrate  with  great  nqnidity,  the 
bsUa  striking  the  coatings  altsmatdy ;  and  thus  restoring 
the  equilibrium  by  steps.  Eadi  stroke  ia  fwoompanied  by 
a  ipanc. 

AH  these  phenemena  are  not  only  eonsequenoes  of  die 
theory,  but  their  measures  agree  preetsdy  witfi  the  compu- 
tations deduced  from  the  fermqlsi  in  $  M,  tS,  ffi,  aeeoai- 
modated  to  the  case  by  means  of  }  19A,  and  136,  as  we  have 
veriied  fay  repeated  trials.  But  it  would  ooeuf^  much 
room  to  traoe  the  egrsement  here,  and  would  fatigue  such 
readers  as  are  not  fiuniliarly  conversant  with  iluxicmary  cal- 
culations. The  inquisitive  reader  will  get  full  conviction 
by  perusing  iBi»nu8^  Essay,  Appendix  i  A  very  distinct 
notion  may  be  ^neeived  of  the  whde  process,  by  suppoung 
that  in  a  minute  AB  loses  Ath  of  the  unbalanced  redun- 
daney  actually  in  it,  and  consequently  diminishes  as  much 
in  its  action.  It  will  be  proved  afterwards,  that  the  dissi- 
patiafis  in  equal  times  lue  really  ia  proportiofl  to  the  super- 
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iiiaal  MpiltioM  then  ft ei^ed.    We  magr  alao  fiuppose,  that 

tht  acdon  of  the  reduttdunt  fluid,  or  mjuidant  ip^tter^  b\ 

citfcar  cotdag,  on  the  external  ifiid  omtiguaua  to  H,  is  to 

hi  acdon  on  the  fluid  foocigaoii^  to  the  othtr  eoating  in  the 

eooitant  praportion  of  10  to  9.    W^  adect  this  proportioa 

fiir  the  mmpUcity  of  the  oomputMionu    Then  th^  ^UfepencQ 

of  theie  aotims  b  alweya  .^th  of  the  fiiU  ^Otiop  on  the  9u|4 

oontigtious  to  it    Tl^  \b  elso  en  e^ct  iMppositiaii  191  foppf 

perticuUr  eeaep  dtpendiiif  on  the  breadth  of  the  coiling 

^nd  the  thiekness  of  the  peaa 

NoWf  let  the  priioiti¥e  unbalaoc^  repuUon  between  AB 
md  Che  eontiguoue  fluid  of  the  electrometer  be  1PQ»  vbi|e 
DF  caamunioatea  with  the  ground.  The  baJl  a  will  8taq4 
«t  100 ;  the  ball  d  will  hang  touching  DF.  Thee  a,  by  lo^* 
nig  Ath»  letaina  only  00,  and  would  «nk  to  90^ :  Put  a* 
tfaia  deatfoya  theequUibrium  on  the  other  mde,  fluid  will  en* 
ter  into  DF.  ao  as  to  reduoe  the  deficiency  rvtb.  Thensh 
Core  nine  degree*  of  fluid  wiU  enter  \  and  its  action  can  # 
will  be  the  game  a$  if  ^^tha  of  9,  or  8^1  had  h^^  resfore^ 
Id  AB.  Thereft>ie  «  will  riae  fnan  90  to  PQ»1 ;  or  it  wiU 
mk  m  one  minute  fnmi  100  ftu  98,1. 

But  if  we  have  cutoff  the  communication  of  DF  with  the 
ground,  thb  quantity  of  fluid  cannot  come  into  DF ;  mA 
the  quantity  which  really  comes  into  it  from  the  air  will  bf 
to  that  which  escapes  ftom  A  as  the  attraction  on  the  side 
of  DF  to  the  repulsion  on  the  side  of  A3-  By  the  diminu- 
tion of  the  repulsion  VW^h,  and  the  want  of  9  degrees  of  fluid 
in  DF  to  belanoa  it,  DF  acquires  an  attraction  ior  fluidf 
which  may  be  called  nine.  Therefore,  since  ^tb  of  th^ 
primitive  repulsion  (£  AB  has  dissipated  10  measures  of 
fluid  in  the  minute,  the  attraction  of  DF  will  cause  it  to  aor 
quire  iVth  of  0,  or  0,9,  from  the  air  in  the  same  minute^ 
At  the  end  of  the  minute,  therefore,  there  remains  an  uur 
faakinoed  attraction  for  fluid  =8,1 ;  and  consequently  an  un? 
balanced  repulsion  between  the  redundimt  matter  in  DF, 
Mdthatinthe  baUd.    Therefore 4 will riie  to 8,1.    Bnt 
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a  cannot  now  be  at  98,1 ;  because  DF  has  not  acquired  9 
measures  of  fluid,  but  only  ^  ths  of  aae  measure.  There- 
fore a,  instead  of  rising  from  90  to  98,1,  will  only  rise  to 
90  +  Aths  X  Aths;  that  is,  to  90,81. 

At  the  close  of  the  minute,  therefore,  a  is  at  90,81  and  i 
is  at  8,1,  and  their  distance  is  98,9  L     In  the  next  minute, 
AB  will  lose  TT.th  of  the  remuning  unbalanced  electridty  of 
that  side,  and  DF  will  now  acquire  a  greater  proportion  than 
before ;   because  its  former  unbalanced  attraction  gets  an 
addition  equal  to  ^^  ths  of  the  loss  of  AB.     This  will  make 
a  larger  compensation  in  the  action  on  a,  and  a  will  not  fall 
so  much  as  before.    And  because  in  the  succeeding  minutes 
the  attraction  of  DF  for  fluid  is  increasing,  and  the  reput 
non  of  AB  is  diminishing,  the  compensation  in  the  action 
on  o,  by  the  increased  attraction  of  DF,  continues  to  in- 
crease,  and  the  descent  of  a  grows  continually  slower ;  con- 
siequently  a  time  must  come,  when  the  repulsion  of  AB  for 
fluid  is  to  the  attraction  of  DF  for  it,  nearly  m  the  propor- 
tion  of  10  to  9.     When  this  state  obtains,  d  will  rise  no 
more ;  because  the  receipt  of  fluid  by  DF,  being  now  -i^thf 
of  the  loss  by  AB,  it  will  exactly  coin))en8ate  the  additional 
attraction  of  DF  for  fluid,  occasioned  by  that  loss.     The 
next  loss  by  AB  not  being  so  great,  and  the  next  receipt  by 
DF  continuing  the  same,  by  reason  of  its  undiminished  al- 
traction,  there  will  be  a  greater  compensation  in  the  action 
on  a,  which  will  prevent  its  descending  so  fast ;  and  there 
will  be  more  than  a  compensation  for  the  additional  attrac- 
tion of  DF  for  fluid  :  that  is,  the  fluid  which  has  now  come 
into  DF  will  render  it,  and  also  the  ball  4,  less  negative  than 
before ;  and  therefore  they  will  not  repel  so  strongly.  There- 
fore  d  must  now  descend.     It  is  evident,  that  similar  rea- 
sons will  still  subsist  for  the  slow  descent  of  «,  and  the  slow« 
er  descent  of  d,  till  all  redundancy  and  deficiency  are  at  an 

This  maximum  of  the  elevation  of  d  happens  when  a  has 
vescendcd  about  one  half  of  its  ekvation ;  that  is,  when  tb* 


k. 
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^iM^laiieed  repulsion  of  AB  is  reduced  to  about  one  hal£ 
IW  if  one  half  of  the  unbalanced  fluid  be  really  taken  oul 
of  AB,  and  if  DF  can  get  no  supply  whatever,  it  must  ac- 
quire an  attraction  corresponding  to  ^ths  of  this ;  and  if 
the  supply  by  the  air  be  now  opened  to  it,  things  will  go  on 
in  the  way  already  described,  tUl  all  is  discharged. 

This  account  of  the  process  is  only  an  approumation ;  be» 
iause  we  have  supposed  the  dianges  to  happen  in  a  desul- 
tory manner,  as  in  the  popular  way  of  explaining  the  acoe> 
leration  of  gravity.  The  rise  of  d  is  not  at  an  end  till  the 
attraction  of  DF  for  fluid  is  to  the  repulsion  of  AB  as  19 
to  20. 

But  if  we  interrupt  this  progress  in  any  period  of  it,  by 
touching  DF,  we  immediately  render  it  neutral,  and  d  falls 
quite  down,  in  consequence  of  receiving  a  complete  supply 
af  fluid.  But  this  must  change  the  state  of  AB,  and  cause 
it  to  rise  ^rths  of  the  desent  of  cL  As  a  and  d  were  nearly 
at  an  equal  height  before  DF  was  touched,  it  is  plain  that 
a  will  rise  to  nearly  twice  its  present  height ;  after  which, 
the  same  series  of  phenome({a  will  be  repeated  as  soon  as  the 
finger  is  removed  from  DF. 

If,  instead  of  touching  DF,  we  touch  AB,  the  same  things 
must  happen ;  a  roust  fall  down,  and  d  must  rise  to  nearly 
twice  its  present  height,  and  all  will  go  on  as  before,  alter 
removing  the  finger.  Lastly,  if  instead  of  allowing  either 
iide  to  touch  the  ground  alternately,  we  only  touch  it  with 
a  Mmail  insulated  bo^^  such  as  the  wire  with  the  balls  v  and 
Uy  the  ball  attached  to  the  side  touched  ^nks,  till  the  elec- 
tricity is  shared  between  the  coating  and  the  wire  with  balls. 
The  hall  attached  to  the  other  coating  rises  y^^ths  of  the 
sinking  of  the  first  ball.  The  crooked  wire  ball  is  now  re- 
pelled by  the  coating  which  it  touched,  and  the  other  ball 
i^  brought  near  to  the  other  coating,  and  must  be  attracted 
by  it^  because  the  electricities  arc  opposite.  This  operation 
evidently  tends  to  transfer  the  redundant  fluid  by  degrees  to 
|be  nde  where  it  is  deficient.    It  needs  no  explanation.   AN  e 
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dMdl  only  maatiDii  a  Aing  which  ve  fa«rs  alvays  ohserftdy 
without  being  able  to  account  for  it  The  yibration  of  the 
wfafe  aoquives  a  certain  nqndity,  which  continues  for  a  long 
while,  and  euddenly  acederatet  greatly,  and  immediately  af« 
tnwards  eeeiee  altogether. 

This  pretty  experiment  of  Professor  Richmann  will  ena- 
Ue  us  to  understand  the  operatioQ  of  theelectrophorus,  and 
to  see  thegreat  ipistake  of  those  who  say  that  it  is  perfiMtly 
snnikr  to  a  discharged  glass  plate. 

157.  Thus,  then,  we  see,  that  all  the  classes  of  phenome- 
na, connected  with  attraction  and  repulsion,  are  precisely 
such  as  would  result  from  the  action  of  a  fluid  so  constitute 
ed.  The  oumpiete  undiminished  action  of  the  cause  of  those 
phenomena  on  die  other  side  of  the  interposed  noii-conduo» 
tor  of  that  cause  is  d^monstreted,  and  all  explanation  by  th^ 
merhanicil  action  of  material  elastie  atmospheres  of  varia- 
ble density  must  be  abandoned,  and  the  Infinit/dy  ampler 
explanation  by  the  attractive  and  repuMve  ibroes  of  ^  fluid 
itself  must  be  prefiirred. 

So  happily  does  the  Fnuikiinian  theory  of  positive  and  ne- 
gative electricity  explun  the  phenomena,  when  a  suitdble 
Botion  is  formed  of  the  manner  of  action  of  this  fluid.  We 
cannot  but  think  that  this  is  attained,  when,  to  the  general 
doctrine  of  ^fxaus,  we  add  the  specification  of  the  law  of 
action,  so  fully  verified  by  the  experiments  of  Mr.  Coulomb, 
which  are  in  the  hands  of  the  public ;  and  are  of  that  sim- 
ple nature,  that  any  careful  experimentor  can  convince  him- 
self of  thehr  accuracy  (See  $  141)  We  may  therefore  pro- 
ceed with  some  confidence,  And  apply  this  doctrine  even  to 
cases  where  experiment  does  not  offer  itself  for  proof. 

156.  Dr.  Franklin  affirms  that  dectric  fluid  cannot  be 
thrown  into  one  side  of  the  coated  pane  unless  it  be  abstract- 
ed  from  the  other ;  and  that  therefore  the  charged  glass 
contains  no  more  than  it  did  before  charging.  We  indeed 
find,  that  we  cannot  dutrge  the  inside,  if  the  outside  do  not 
eommunicate  with  the  grmmd.  He  proves  it  also  by  saying, 


tbalif  41  piViOiif  vben  mulntod,  ilmimgim  agfaw  tbioiigb 

ii^aMp(imjry<xvneqii«n99^U)Uk  tbi^asmeicrf'm^  Qtti»^ 
liv  of  jva  may  be  cbiuftd  by  the  wm  Uirwof  h  niaohiic^ 
if  we  imkf  tba  outside  of  the  first  wmmuoi^ata  «nth  tbe  iik 
«dt  pf  Urn  mxmAf  md  tlw  outaids  of  tW  w^Qd  with  tbe 
imide  of  tbs  thiid;  md  im^  aai  and  the  <mtMd#  of  tbe  but 
4sopimiioieite  with  tbo  ground.  Boving  imde  ibe  triiJ,  md 
b^viiig  fovmi  Unit  oi^re  turoiof  tbf  madiiiie  ver^  mciwi 
ly^  bo  ottribiUes  tbi#  to  dwaipirioB  into  tbe  aIt  by  tbo  ee«^ 
loimieatioo.  But  our  theory  teecboB  u»  otborwite.  Wf 
lioro  ftow  k^  tb«t  tbe  fodundmt  matter  in  tbe  plate  DF  is 
Urn  tboR  tbe  redondaot  fluid  io  AB»  in  tbe  proportion  of 
O'^l  to »•'  »4  tbemfofo  tbe  fedandaot  fluid  io  tbe  ovei^ 
cbirged  4de  of  tbe  next  plate  is  no  greater.  Tbe  ebar9 
or  reduodeooy  in  tbe  eitb  jar  of  tbe  ierioi  will  tborrfore  be 

-|  *     Tbus,  if  n,  or  the  charge  of  the  Ist  jar,  be  60^ 

tbe  «boigo  of  tbe  lOtb  jar  will  be  nearly  $L  Akhou^  a 
ooatodplete  eaooot  beeAorgif«^  imkai  no  of  tbe  ooati^ga 
amnnmom^  with  tbe  ground,  it  may  be  elxir^ti  as  mueb 
ai  oQo  of  tbe  coatiogs  oao  be  alone.  And  this  is  aeen  in  our 
attempt  lo  ebaf|^  it  c  For  oa  soon  as  we  attempt  to  electric 
ly  o«e  iide»  tbe  otblbr  ia  electrified  also ;  &r  it  gi? ea  a  sparkt 
which  no  uiidcctrified  body  will  da  Also^  wb«i  we  diar 
cbargt  ajar  by  an  inaolated  diadiarger,  we  alwi^g  leave  it 
deetrieal  in  tbe  aaaae  way  with  the  body  from  which  it  waa 
charged.  If  a  man  is  not  found  electrified  after  having  dia^ 
cbaiiged  a  jar  tbrougb  hia  own  body,  it  b  owing  to  the  great 
aurfime  of  hia  body,  wbidi  redueea  tbe  simple  elaetrificatioA 
of  a  aide  of  tbe  jar  to  a  very  ^nagnificant  and  insensible 
quaotityt 

1JS9^  Wilefce  (and  we  believe  Franklin  before  him)  mmft- 
laina»  that  wbeo  tbe  jar  baa  bean  charged,  by  connecting 
one  aide  with  the  prime  conductor  and  the  other  with  tbe 
rabber^  it  ia  ncutrai  and  ioaotive  on  both  aidea.    But  tbii 
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b  not  80 ;  and  a  slight  reflection  might  have  convinced  theot 
that  it  cannot  bd  so :  if  it  were,  the  jar  could  not  be  dischar- 
ged. Each  side,  while  connected  with  the  machine,  must 
bt  in  the  condition  of  the  part  with  which  it  is  connected^ 
and  in  a  disposition  to  take  or  give.  If  the  trial  be  careful- 
ly made,  it  will  be  found  to  be  equally  active  on  both  sides ; 
and  the  discharging  rod,  having  down  on  its  ends,  will  shew 
this  in  an  unequivocal  manner,  and  shew  that  its  condition 
differs  in  this  resjpect  from  that  of  a  jar  charged  in  the  or- 
dinary way.  It  is  in  the  maximum  state  of  Richmann's 
idate,  described  in  $  156,  when  d  rises  no  more. 

160.  In  discharging  ajar  A,  if  instead  of  the  outside  com- 
municating with  the  innde  by  a  wire,  we  make  it  communi- 
cate with  the  inude  of  a  second  jar  B,  while  the  outside  of 
B  is  made  to  communicate  with  the  inside  of  A,  we  shall  find 
B  charged  by  the  di^arge  of  A ;  and  that  the  discharge 
of  A  is  not  complete,  the  charge  2^  always  remaining,  what- 
ever may  have  been  the  magnitude  of  ft. 

161.  We  may  infer  from  this  experiment,  that  when  a 
shock  is  given  to  a  number  of  persons,  a,  6,  c,  &c.  we  are 
not  to  conclude,  that  the  fluid  which  comes  into  the  defi- 
cient side  of  the  jar  is  the  same  which  came  out  of  the  re- 
dundant side.  The  wh(de,  or  perhaps  only  a  part,  of  the 
moveable  fluid  ia  the  person  a  goes  into  6,  replacing  as  much 
as  has  passed  from  b  into  c,  &c  Indeed,  where  the  canal  is 
a  slender  wire,  we  may  grant  that  great  part  of  the  indivi- 
dual particles  of  fluid  which  wereaccunralated  on  the  inside 
of  the  jar  have  gone  into  the  outside.  Perhaps  the  quanti- 
ty transferred,  even  in  what  we  call  a  very  great  discharge^ 
may  be  but  a  small  proportion  of  what  naturally  belongs  to 
a  body.  This  may  be  the  reason  why  a  charge  will  not  melt 
more  than  a  certain  length  of  wire.  Mr.  Cavendish  ascribes 
this  to  the  greater,  obstruction  in  a  longer  wire  ;  but  this 
does  not  appear  so  prdbable.  A  greater  obstruction  would 
occasion  a  longer  delay  of  the  transference ;  and  therefore 
the  action  o£  the  same  quantity  would  be  longer  continued. 
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He  pRiYitty  that  a  metal  wire  conducts  many  hundred  times 
tutta  than  water  ;  jet,  when  water  is  dissipated  by  a  di». 
duge,  it  is  found  to  have  actually  conducted  a  wutd  great" 
g  proportion  of  the  whole  charge.  We  ascribe  it  chiefly  to 
tUs,  tbat«  in  a  short  wire,  the  quantity  transferred  exceeds 
tbe  whole  quantity  bdonging  to  the  wire. 

16S.  It  is  purely  needless  to  prore  that  the  theory  of  the 
Leyden  phial  is  the  same  with  that  of  the  coated  pane.  The 
only  difference  is,  that  we  are  not  so  able  to  tell  the  disposi- 
tion of  the  accumulated  fluid,  and  the  evacuated  matter,  in 
every  Sgure.  When  the  phial  is  of  a  globular  form,  and  of 
uniform  thickness,  with  an  exceedingly  small  neck,  we  then 
know  the  disposition  more  accurately  than  in  a  plata  The 
redundant  fluid  is  then  uniformly  distributed.  If  we  could 
issure  the  uniformity  of  thickness,  such  a  phial  would  be  an 
excellent  umit  for  measuring  all  other  charges  by ;  bat  wa 
can  neither  insure  this  (by  the  manner  of  working  glass),  nor 
measure  its  want  of  unifomuiy ;  whereas  we  can  have  mir- 
ror plate  made  of  precisely  equal  thickness,  and  measure  it. 
This,  therefore,  must  be  taken  sb  our  unit 

163.  And  here  we  remark,  that  this  gives  as  the  most 
perfect  of  aU  methods  for  comparing  our  theory  with  expe^ 
riment.      We  must  take  two  plates,  of  the  same  glass  wad 
the  same  thickness,  but  of  diflerent  dimensions  of  coated  sur- 
face.     We  must  charge  both  by  very  long  conducting  wires 
on  both  sides,  and  then  measure  how  often  the  charge  of  the 
00^  is  contained  in  the  other.    Mr.  Cavendish  has  given  an 
unexceptionable  method  of  doing  this  independent  of  all  theo- 
ry. As  it  applies  equally  to  jars,  however  irregular,|  we  shall 
take  it  altogether. 

When  a  jar  is  charged,  observe  the  electrometer  connect- 
ed with  it,  and  immediately  communicate  the  charge  to  an« 
other  equal  jar  (the  perfect  equality  being  previously  ascer- 
tained by  the  methods,  which  will  appear  immediately). 
Again  note  the  electrometer.  This  will  give  the  elevation, 
indicates  one-half,  independent  of  all  theory.     Now 
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daetrifynjar,  orftnm  ctftqutljart,  to  dw  mm  ihgrtX 
with  the  firflt^  and  oommimioste  the  cbargt  toa  eoated  flHin» 
tor  platB)  diMhtfgidg  the  pktv  after  eicb  ooinmmkitip% 
tiU  the  deotvonetcr  leachM  die  dagrae  wUcb  i^^ 
half.  TUaibcwahcmoacnthediaigaoftbepUMii 
tamed  m  that  of  the  jar  or  fow  <tfjan» 

]>t  the  csharge  of  the  plate  be  Id  diatctf  Ibe  jaM  aa«  «»  L 
Th^  by  each  oommumeation,  die  electridty  m  dbataMhel 

in  die  pntpoftioii  of  I  +« to  I.   If  ai eommmiicatidM  hive 


beeo  made^  it  will  be  redoeed  in  die  fMpox^om  ef  1  «f  • 

^m  Hi 

to  1.    Hierefcm  HfT*  =2,aiidl  +*=  v^2ttt^' 

Wheti  w  is  adaU  ill  fm^wtkm  to  1, 11^  «lHft  W  teiy  1^ 
the  iwth,  by  Mttldplying  the  iMttber  of  cotnaattfcatti^ 
1»444^  aod  adbtnotng  0)6  flon  the  prodoet  Tberaftahi* 
dv  ihewa  how  oftan  the  ehafga  «f  the  [date  is  coottiiiedhi 

that  of  the  jan,  or  —  • 

Thoa  may  the  perAct  equality  of  two  jara  be  aaeerti^iied; 
aai  the  woe  which  exaeeda,  m  ttial,  tni^berediieedtoeqtnu 
ity  by  aatting  off  a  IxvAt  of  the  eoaiiiig.  An  electridaii 
■hoold  hcfo  a  pair  of  anatt  jars  or  pUah  so  adjtisted.  tt 
wSi  serfo  to  diaeovcr  io  a  lai&ote  or  two  the  narfc  of  one- 
half  aieetiktey  for  asiyel6etvenieter,aadfer  any  dq;ree;  aa 
also  lor  nMsaring  jars)  batteries,  shoeks,  ftc  ttudhnoreae- 
eomely  than  any  other  aaethod:  becauiie  svidi  phhds,  oon- 
atnietfdias  we  shall  deacvlbe  immediately,  nu^  be  made  so 
neutral,  and  so  retentive,  that  the  quantity  whidi  dissipates 
dtmig  the  hanging  beoemes  quite  insignificaiit  fai  propor- 
don  to  die  qnaniity  MMdning ;  wfaenas,  in  all  exp^imedtft 
with  electvoaetsrs,  eonstructed  with  the  most  eurious  atten- 
tiom^  die  diasipatioas  are  great  m  proportioii  to  the  whde» 
•Ml  me  eq^ridous. 
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IM  It  WM  diMljr  by  dik  inednd  tlMt  the  writ 
ir&fc,  hatit^  tmi  Mf  CavoMlidi's  paper^  conpami  tht 
iiieimnui  gitea  by  expmmmA  with  Ihoie  wbidi  result  from 
aiiactiooifiitb«la¥MiKdiipii€AtanitioofibtdMlnM  Wheo 
die  cbai|;ite  were  ittadeftte^theeaiiMadeBed  wis  pm^B^  when 
fl^  ch«*ge8  weregrsat,  the  ki^  plaitssocmtaiiii^  aUttk  m^ 
This  is  plainly  owingto  ikAr  bi^hMsdbspossd  tDdbsaqpatt 
tbauk  the  edgek 

165.  We  may  tie^  fi^ftcm  i^ith  SMie  wmfideooe  th^ 
tieal  URUunifs  (ledueH)le  ffen  the  theory  for  the  eonsdrQctmi 
of  tMs  attumahting  af^paiKtaai     Tht  theoiy  presciibes  a 
Tery  ootldiMklg  (Mtiil^^  fai  cAeae  and  unintemipted  contaol  z 
It  ptatAhei  kA  tmmdvk  sitffiK^  and  a  thin  pfarte  af  idio^ 
electric  substance.   Accon&igly  all  these  are  in  fiart  attendk 
ed  by  a  more  pewetrfbl  sAwt    Metal  is  fooirf  to  be  fitf  pre- 
RfaMe  to  waier^  nhMi  was  fine  enptoyed^  having  been  mg 
gested  by  the  ofi^nal  expetitnenu  of  Gfay^Kkka^  and  Gi^ 
Hi^ns.    A  cotttiawiotts  pladaig  isptteeribad,  m  prefewwoe  to 
aolne  iMtbods  edBMMMly  praettsed ;  soch  as  filling  die  jar 
trtfll  brass  dust^drgiiddkaf,  or  eowring  its  snHhoewilhil- 
iligs  stack  at  with  gttifl  watery  «r  Matiag  the  iiHide  #ithan. 
amalgafli  of  meiaiiry  «id  tiik    This  haa  appoars^  by  reflao> 
fkm  from  the  cMtsMe,  to  give  a  tefy  continoons  osatiag  ; 
but  if  we  hold  the  |ar  between  the  eye  and  the  ligbc,  we  flsi^ 
pereeite  that  it  isooly  Mke  the  orreriug  widt  a  cobweb.  Yet 
there  are  cases  where  these  hnperfbet  costings  only  ai^fcprao 
ticsbW,  and  some  rave  ones  where  diey  are  prefend>le.    In 
file  medieal  eHMMHoM  of  ideetriaity,  wbeto  the  pwrpow  in* 
tended  is  sappo^  to  fO^alng  the  tratafaswairfa  great  qoais- 
tity  of  the  eleetrie  fluid,  any  thing  that  can  diminish  the  k- 
ritating  smattneM  ^  the  spark  is  desirable*    This  is  groat- 
ly  efflBcted  by  Umm  iMperftet  coattags.   SomII  shocks,  which 
CDDvey  the  sattte  ^oantlty  €^  fluid  with  the  riiarp  pungent 
and  alarming  spark  from  a  large  sorftos,  are  quite  soft  and 
.  hmffbnsive,  greatly  resembling  the  spasmodic  quivermg, 
acmietimes  feh  in  the  lip  or  eye-lid,  and  will  not  alarm  the 
most  fearful  patient 
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166.  Close  contact  of  the  metallic  coating  ifl  observed  to  i 
create  the  effect  of  the  charge.  But  it  is  also  found,  thai  it 
greatly  increases  the  risk  of  bursting  the  gloss  by  spoolB* 
neous  discharge  through  its  substance.  An  expenenoed  eleo* 
tridan  (we  think  it  is  Mr.  Brookes  of  Norwich)  says,  that 
since  he  has  employed  paper  covered  with  tinfoiU  with  the 
paper  next  the  glass,  instead  of  the  foil  itself,  he  has  never 
had  ajar  burst ;  whereas  the  accident  has  been  very  frequent 
before.  The  theory  justifies  this  observation.  Paper  is  sb 
imperfect  conductor,  even  when  soaked  with  flour  paste;  and 
the  transfusion,  though  rapid,  is  not  instantaneous  nor  de- 
sultory, but  begins  faintly,  and  swells  to  a  maximum.  It 
operates  on  the  gla.ss,  like  gradual  warming  instead  of  the 
sudden  application  of  great  heat. 

167.  Mr.  Cuthbertaon,  an  excellent  artist  in  all  electrical 
apparatus,  and  inventor  of  the  best  air*pump,  has  made  a 
curious  observation  on  this  subject  He  says  that  he  has 
uniformly  observed,  that  jars  take  a  much  greater  charge 
(nearly  one  third),  if  the  in»de  be  considerably  damped,  by 
blowing  into  it  with  a  tube  reaching  to  the  bottom  (Nichols 
wtfM  Jaumalj  Mardi  1799).— -We  must  acknowledge,  that 
we  can  form  no  distinct  conception  of  what  Mr.  Cutbbert* 
son  calls  an  undulation  of  the  doMtic  atmoapkere.  We  do  not 
know  whether  he  means  that  the  atmosphere  is  actually  un- 
dulating as  water,  or  as  air  in  the  production  of  sound,  its 
parts  being  in  a  reciprocating  motion ;  or  whether  be  only 
means  that  this  atmosphere  consists  of  quiescent  strata,  alter- 
nately denser  and  rarer.  Nor  can  we  form  any  notion  how 
either  of  these  undulations  contributes  to  the  explosion,  or 
prevents  it.  We  are  really  but  very  imperfectly  acquaint- 
^  with  that  part  of  the  science  which  should  determine  the 
precise  accumulation  that  produces  the  desultory  transfer- 
ence. We  mentioned  one  necessary  consequence  of  the  ac- 
tion inversely  as  the  square  of  the  distance,  which  has  some 
relation  to  this  question,  viz.  that  a  particle,  making  part  of 
a  spherical  surface,  is  twice  as  much  repelled  when  it  has 
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jvotqntted  the  surface  u  when  it  made  put  of  it,  pronded 
■tifiHebeimniedi«tely>uppUed.  Andanothercircumftuce 
imhta  (nqumttj  menuoDcd,  vu.  that  a  greater,  and  per- 
^1  niefa  grester,  force  is  necessary ,  for  enabling  i  panicle 
(fluid  to  quit  the  last  series  of  pamcl«>  of  the  solid  matter 
te  tor  prtxluang  alotost  any  ooiutipaUon.  But  we  are  not 
<Btui  that  these  circumstaDoes  are  of  sufficient  inftueoce  to 
opliinthe  whole  of  the  event  ValeaiU  quoMlum  ecitn  poi- 
nl.  Yet  we  are  of  opinion  that  Mr.  Cutfabeitaon  has  u. 
signed  the  true  causey  aamdy,  the  imperfect  coating  of  the 
uuide  of  the  glass.  When  we  oome  to  the  explanation  of  the 
wipe  ofelectricitjr  along  imperfect  conductors,  we  hope  that 
itvill  appear,  that  the  disposition  to  escape  roust  be  gnat- 
I;  diminished  by  a  charge,  which  disposes  the  fluid  so,  that 
Q  no  place  the  constipation  is  remarkably  greater  than  in 
*D0(lier  part  very  near  it,  and  the  density  changes  e\-cry' 
rtere  slowly. 

168.  Vf  iih  respect  to  the  form  of  the  coated  glass,  the 
tiwor^  prescribes  that  which  will  occasion  such  a  distribu- 
tion of  the  electric  fluid  as  shall  nuke  its  repulsion  fat  the 
fluid  in  the  omal  which  connects  it  with  the  prime  conduc- 
tor as  little  as  poKnble-  In  this  respect,  it  would  seem  that 
i  (date  is  the  best,  and  a  globe  the  worst :  but  if  both  are 
nry  thin,  the  difference  cannot  be  considerable.  Our  expc- 
nence,  however,  seems  to  indicate  the  opposite  maxim  as  the 
most  proper.  We  have  uniformly  found  a  globe  to  be  far 
preferable  to  a  plate  of  the  same  thickness,  and  that  a  plate 
was  generally  the  weakest  form.  It  must  be  ownnl,  that  we 
have  not  yet  been  able  to  ascertain  by  the  tlieory  whnt  is  the 
exact  distribution  of  the  redundant  fluid  in  a  plate.  In  a 
ipfaerE^  it  must  be  umformly  spread  over  the  surface.  We 
must  also  ascribe  part  of  the  inferiority  of  the  plate  to  its 
greater  tendency  to  dissipation  from  the  edges.  If  a  plate 
be  coated  in  a  star-like  form,  with  slender  projecung  points, 
we  ihall  observe  tbcm  luminous  in  the  dork,  almost  at  the 
banning  of  the  »cGuma)atiaQ ;  and  the  plate  will  duclwgB 
vol.  IV.  I 
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itself  by  these  points,  over  the  unooated  pert,  before  it  has 

attained  any  oonsiderable  strength.    Those  forms  are  ktft 

exposed  to  this  deterioration  which  have  the  least  circumfier- 

enoe  to  the  same  quantity  of  surface.  We  have  always  found, 

that  a  square  coating  will  not  receive  a  more  powerful  charge 

without  exjdoding  than  a  circular  one  of  the  same  breadthi 

although  it  contains  a  fourth  more  surface ;  and  this  although 

any  visible  escape  from  the  angles  be  prevented  by  covering 

the  outline  with  sealing  wax.  Of  all  forms,  therefore,  a  globe, 

with  a  very  narrow,  but  long  neck,  is  the  most  retentive. 

But  it  is  very  difficult  to  coat  the  inside  of  such  a  vessel 

The  balloons  used  in  chemical  distillations  make  excellent 

jars,  and  can  be  easily  coated  internally  when  the  neck  will 

admit  the  hand.      The  thinnest  of  tinfioil  may  be  used,  bj 

first  pasting  it  on  paper,  and  then  ajqplying  it  either  with  tki 

foil  or  the  paper  next  the  glass.    It  should  be  cut  into  gu^ 

sets,  as  in  tiie  covering  of  terrestrial  globes ;  and  they  shoaU 

be  put  on  overlapping  about  half  an  inch.     The  middle  of 

the  bottom  is  then  coated  with  a  circular  piece.    The  great 

bottles  for  holding  the  mineral  acids  are  also  good  jars,  bat 

inferior  to  the  balloons,  because  they  are  very  thick  in  the 

bottom,  and  for  some  distance  from  it.     A  box  of  balloons 

contains  more  effective  surface  than  an  equal  box  <if  jars  of 

the  same'  diameter  and  height  of  coating. 

169.  The  most  compendious  battery  may  be  made  in  the 
following  manner :  Choose  some  very  flat  and  thin  panes  of 
the  best  crown  glass,  coat  a  circle  (a  be  d)^  (Plate  II.  fig.  7.) 
in  the  middle  of  both  surfisices,  so  as  to  leave  a  suffidentbor* 
derunccmtedforpreventing  a  spontaneous  discharge;  leteadi 
of  them  have  a  narrow  slip  of  tinfoil  a  reaching  from  the  coat- 
ing to  the  edge  on  one  ude,  and  a  similar  slip  c  leading  to 
the  opposite  edge  on  the  other  side.  Lay-  them  on  eadi 
other  so  that  the  slips  of  two  adjoining  plates  may  coinadet 
Connect  all  the  ends  of  these  slips  on  one  side  together  by  a 
dip  of  the  same  foil,  or  a  wire  which  toudies  them  all.  Then, 
connceting  one  of  these  cdlecting  slips  with  the  prime  cos- 
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diieU»v  lod  the  other  with  the  ground,  we  mey  tii$rgt  end 
diedbngedie  whole  togedier.  Ifdiepeoee  beroiind,  or 
enct  squares,  we  may  emploj  as  tew  of  them  toj^htf  as 
we  please,  by  setting  the  whole  in  an  open  frams^  like  an  old» 
finhioned  plate-warmer ;  and  then  turmng  the  set  which  wt 
would  employ  together  at  right  angles  to  the  rest  Thisen^ 
dcntly  detadies  the  two  parcels  fiom  each  odier.  Tins  bat- 
tery may  be  varied  in  many  wajrs;  and  if  the  whole  is  al* 
ways  to  be  employed  together,  we  may  make  it  eztremdy 
retentire,  by  oovcriiig  tto  unooated  bolder  of  the  plate  widi 
melted  pitch,  and,  i^ile  it  is  soft,  pressing  down  its  ndgb- 
bour  on  it  till  the  metallic  ooattnga^  touch.  For  greater  va- 
liaiiifity  this  may  be  done  in  parcels  of  the  whole 

170.  On  the  same  prindple,  a  most  compendious  battery 
niay  be  made  by  alternate  layers  of  tinibil  and  hard  varnish, 
er  by  coating  plates  of  very  dear  and  dfy  Muscovy  glass. 
But  these  must  be  used  with  caution,  lest  they  be  burst  by 
a  spontaneous  disduurge ;  in  whkh  case  we  cannot  discover 
where  the  flaw  has  happened.  They  make  a  sufpristng  so- 
cumulatimi,  without  shewing  any  vivideleetridty. 

171.  We  have  made  a  very  fine  eleetric  phial  for  carrying 
about,  by  fiwming  tin-plate  ^nm  phte  tinned)  into  some- 
what  of  a  phial  shape,  with  a  long  neek.  We  then  covered 
thb  with  a  coating  of  fine  sealing  wax,  about  ^T^th  of  an 
indi  tfaid^  quite  to  the 'end  of  the  neck,  and  coated  the  sed« 
ing  wax,  all  but  the  neck,  with  tinfiosl.  It  is  phun  that  the 
sealing  wax  is  the  coated  idio-electric,  and  that  the  tin-pkte 
phial  serves  for  an  inner  coating  and  wire.  The  dissipation 
is  almost  noAing  if  the  neck  be  voy  small ;  and  it  only  re» 
quiies  a  little  caution  to  avoid  bursting  by  too  high  a  charge. 
Even  this  may  be  prevented  by  coating  the  sealing  wax  so 
near  to  the  end  of  the  neck,  that  a  spontaneous  disehaige 
must  happen  before  the  aoeumoktion  is  too  great 

178.  It  is  wdl  known  dwt  the  discharge  happens  when 
the  fisdiargittg  balls  are  at  a  considerable  distaooe  Rom  each 
other;  therefore  only  as  mneh  is dKssharged  as  aurreqponds 
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to  that  distance.  This  is  one  cause  of  the  residuum  of  a 
discharge  which  sometimes  is  pretty  considerable.  Some 
experiments  require  the  very  utmost  force  of  the  charge.  It 
is  therefore  proper  to  make  the  discharge  as  dose  and  abrupt 
as  possible.  But  the  most  rapid  approach  that  we  can  make 
of  the  discharger  is  nothing  in  comparison  with  the  velocity 
with  which,  the  fluid  seems  to  fly  off*,  and  will  therefore  have 
but  small  influence  in  making  a  more  instantaneous  and 
complete  dischaige.  Theory  points  out  the  following  me- 
thod :  Let  a  very  thick  plate  of  glass  (half  an  inch),  of  se- 
veral inches  diameter,  be  put  between  the  discharging  balls, 
which  should,  in  this  case,  be  small,  and  let  these  balls  be 
strongly  pressed  against  it  by  a  spring.  While  the  charge 
is  going  on,  a  very  small  part  of  the  glass  plate,  round  the 
points  of  contact,  will  receive  a  weak  and  useless  cliarge ;  but 
this  will  not  hinder  the  battery  from  acquiring  the  same  in* 
tensity  of  charge.  When  this  is  cbmpleted,  let  the  inter- 
vening glass  plate  be  briskly  withdrawn.  The  dischaige 
will  begin  wiUi  ao  intensity  which  is  unattainable  in  the  <fl^ 
dinary  manner  of  proceeding. 

173.  Much  has  been  said  of  the  lateral  explosion.  Itap- 
pearS}  that  in  some  of  the.  prodi^ous  transferences  of  elec 
tricity  that  have  takdn  place  in  the  discliarge  of  great  sur- 
faces through  wires  barely  sufiicicnt  to  conduct  them,  flashes 
of  light  are  thrown  off  Jaterally ;  but  the  most  delicate  elec- 
trometer, it  is  said,  is  not  affected.  The  fact  is  not  accu- 
rately narrated ;  we  have  always  observed  a  very  delicate 
electrometer  to  be  aflected.  The  passage  of  such  a  quanti- 
ty of  fluid  is  almost  equivalent  to  the  co-existence  of  it  in 
any  ^ven  section  of  the  wire;  but  it  remains  there  for  so 
shon  a  time,  tliat,  acting  as  an  accelerating  force,  it  cannot 
produce  a  very  sensible  motion.  It  is  like  the  discharging 
a  pistol  ball  through  a  sheet  of  paper  hanging  loosely.  It 
goes  through  it  without  very  sensibly  agitating  it. 

174.  It  has  sometimes  appeared  to  us  probable  that,  by 
means  of  this  lateral  explosion,  the  directionof  the  current  may 
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bediMOTered.  Let  thejar  a  b  (Plate  II.  fig.  6.)  be  discharged 
bjr  a  wire  aedeby  mtemipted  atcdhy  tlie  coating  ofa  very 
dnn  plate  of  talc ;  let  the  coating  also  be  very  thin.  There 
must  be  Mome  obstructioii  to  the  motion,  which  must  cause 
the  fluid  to  press  on  the  sides  or  surfaces  of  the  coating,  just 
as  the  obstruction  to  the  motion  of  water  in  a  ppe  (arising 
from  friction,  or  even  from  material  obstacles  in  the  pipe) 
causes  the  water  to  press  on  the  sides  of  the  pipe.  Thcr&> 
fore  if  a  wire  « i  connect  the  other  coating  with  the  ground, 
we  should  expect  that  fluid  will  be  expelled  along  this  wire, 
and  a  charge  be  given  to  the  plate  of  talc  Now  whether 
the  course  in  this  apparatus  be  from  £  to  a,  or  from  a  toby 
if  anj  charge  be  acquired  by  c  d,  it  will  probably  be  positive 
in  c  d,  and  negative  in  »  ) ;  for  it  is  electric  fluid  that  is  8up> 
jposed  to  pass:  therefore  we  should  always  have  one spedcs 
of  electricity,  .whether  a  has  been  charged  by  glass  or  by 
sealing  wax;  and  this  species  will  indicate  which  is  positive. 
We  have  said  ^'  probaUy^ — for  it  is  not  impossible  that  it 
may  be  otherwise.  If  the  abstraction  at  d  be  supposed  more 
powerful  than  the  supplying  force  at  e,  the  same  obstruct 
tbn  may  perhaps  keep  the  plate  c  d  in  an  absorbing  state, 
just  as  water  descending  in  a  vertical  pipe,  into  which  it  is 
pressed  by  a  veary  small  head  of  water  in  the  cistern,  instead 
of  pressing  the  sides  of  the  pipe,  rather  draws  them  inwards, 
as  is  well  known.  This  seems,  at  any  rate,  an  interesting 
experiment;  for  we  must  acknowledge,  that  there  still 
bangs  a  mysterious  curtain  before  a  theory  which  deduces 
so  much  from  the  presence  of  a  substance  which  we  have 
never  been  able  to  exhibit  alone,  and  where  we  do  not  know 
when  it  abounds  and  when  it  is  deficient  It  is  like  the 
phkgiston  of  Stahl,  or  the  caloric  of  Lavoisier.  It  will  be 
proper  to  use  the  thinnest  plate  of  talc  to  be  charged,  and 
to  connect  it  with  another  coated  plate  of  half  the  diameter, 
or  less,  in  order  to  increase  the  accumulation.  It  seems  by 
po  means  a  desperate  case. 
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The  theoiy  of  coated  glass  now  explained,  might  have 
been  treated  with  more  predsioD,  and  the  formulfle  deduced 
in  the  beginning  of  this  artiele  might  have  been  emplojed 
fa  staling  the  sum  total  of  the  acting  forces,  and  thus  da- 
monstrating  with  prednon  the  truth  of  the  general  result; 
and  indeed  it  was  with  such  aview  that  they  were  piennsed: 
but  thejr  would  have  been  eonriderabiy  complicated  in  the 
present  case;  fiir  however  thin  we  suppose  the  tinfoil  coat- 
ings to  be,  it  is  evident  from  $  92,  &c.  that  each  coating  will 
consist  of  three  stnta;  of  which  the  two  outermost  are  ac- 
tive, and  must  have  their  forces  stated,  and  the  statement 
of  the  force  of  each  stratum  would  have  consisted  of  three 
terms.  This  would  have  been  very  embarrassing  to  some 
leaden;  and  the  force  of  the  conduaon  would  not,  aAcr 
all,  have  been  mudi  mote  convincing  than  we  hope  the 
above  more  loose  and  popular  account  has  been. 

17&  We  have  hitherto  conadered  the  non-electric  coat* 
ings  only»  and  have  not  attended  to  what  may  chance  to  ob- 
tain in  Che  substance  of  the  coated  electrics  themselves. 
May  not  part,  at  least,  c£  the  redundant  fluid  be  lodged 
in  one  superficial  stratnm  of  the  glass  ?  or,  if  it  do  not  pe- 
netrate it,  may  it  not  adhere  to  the  surface,  and  drive  off 
from  the  other  surface,  or  stratum,  a  part  of  what  naturaUy 
adheres  to  it  ?  Till  Dr.  Franklih's  notions  cm  the  subject  be- 
came prevalent!  no  person  doubted  tlus.  The  electric  was 
supposed  to  contain  or  to  accumulate  in  its  surface  all  the 
electricity  that  we  know.  But  the  first  suggestion  of  Dr. 
Fianklin^s  experimoits  certdnly  was,  that  the  electric  plate 
or  vessel  acted  merely  as  an  obstacle,  preventing  the  fluid 
firom  flyii^  from  the  body  where  it  was  redundant  to  that 
where  it  was  deficient  It  is  therefore  an  important  ques- 
tion in  the  science,  whether  the  glass  or  dectric  concerned 
in  these  phenomena  serve  any  other  purpose  berides  the 
mere  prevention  of  the  redundant  fluid  from  flying  to  the 
nq;ative  plate  ? 

176.  Now  it  appears,  at  the  very  first,  that  this  is  the  case. 
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Far  if  a  glass  be  coated  only  on  one  side,  and  be  electrified 
on  that  side^  we  obtain  a  strong  spark  from  the  other  side  by 
bringing  the  knuckle  near  it ;  and  this  may  be  obtained 
for  some  time  from  one  spot  of  that  surface ;  and  after  this 
we  get  no  more  from  that  spot,  but  get  sparks,  with  the 
same  vivadty,  and  in  the  same  number,  firom  any  other 
spot  that  b  oppodte  to  the  coating  on  the  other  «de.  In 
this  manner  we  can  obtain  a  succession  of  sparks  from 
every  inch  of  surface  opposite  to  the  coating,  and  from  no 
other  part  But  what  puts  this  question  beyond  all  doubt 
is,  that  if  we  now  lay  a  metal  coating  on  the  surface  from 
which  the  sparks  have  been  drawn  in  this  manner,  and 
make  a  communication  between  the  two  metallic  coatings,  by 
means  cS  a  bent  wire,  we  obtiun  a  p^eet  discharge.  To 
complete  the  prodf,  we  need  only  observe  that  this  expert- 
ment  succeeds  whether  the  glass  has  been  electrified  by 
excited  glass  or  by  excited  sealing-wax.  Therefore  the 
coated  surface  may  receive  the  electric  fluid  by  the  coating,  * 
as  we  see  plainly  that  it  is  abstracted  by  the  coating.  The 
use  of  the  coatings  may  be  nothing  more  than  to  act  as  con* 
ductors  to  eveiy  part  of  the  surface  of  the  electric  None 
of  these  thouj^ts  escaped  the  penetrating  and  sagacious 
mind  of  Dr.  Franklin.  He  immediately  put  it  to  the  test 
of  experiment ;  and  laying  a  moveable  metallic  coating  on 
both  surfaces,  he  found  the  glass  charge  perfectly  well.  He 
lifted  cS  the  coatings :  which  operation  was  accompanied  by 
flashes  of  light  between  the  metallic  coverings  and  the  glass 
from  which  he  separated  them.  Having  removed  the  coat- 
ings, he  applied  others,  completed  the  circle,  and  obtained  a 
perfect  discharge,  not  distinguishable  from  what  he  would 
have  obtained  from  the  first  coatings. 

177.  Thus  it  was  demcxistrated,  that  the  glass  plate  itself 
acquired  by  charging  a  redundant  stratum  on  one  side,  and 
a  deficient  stratum  on  the  other  side ;  and  we  now  see,  at 
once,  the  reason  why  the  accumulation  turns  out  greater 
than  what  is  determined  by  the  theory.    The  distance  be- 
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tween  the  redundwt  and  deficient  stratum  is  less  than  tha 
thickness  of  the  glass;  and  this,  perhaps,  is  an  unkaowB 
proportion. 
This  precious  experiment  of  Dr  Franklin  was  repeated  by 
every  electrician,  and  varied  in  a  thousand  ways.    No  |^« 
losc^er  has  carried  this  research  &rther  than  Beccariai 
and  he  has  given  ground  for  a  most  important  discovery  in 
the  mechanical  theory,  namely,  that  the  charged  glass  has 
several  strata,  of  inconceivable  thinness,  alternately  redund- 
ant and  deficient  in  electric  fluid ;  and  that  by  continuing 
the  electrification,  these  strata  penetrate  deeper  into  the 
^lass,  and  probably  increase  in  number.     We  have  not 
room  here  to  give  even  an  account  of  his  experiments,  and 
must  refer  the  philosophical  and  curious  reader  to  that  part 
of  his  valuable  Treatise  where  be  treats  of  what  he  calls 
vindicatmg  w  red(n)ering  electricity ;  as  also  to  a  paper  by  Mr. 
Henley  in  Phil.  Trans,  for  1766,  giving  an  account  of  ex- 
'  pcriments  on  Dutch  plates  by  Mr.  Lane.  The  general  form 
of  the  experiment  is  this.     He  puts  two  plates  together; 
he  coats  the  outer  surfaces,  and  charges  and  discharges  them 
as  one  thick  plate.     Their  inner  touching  surfaces  are 
found  strongly  electrical  after  the  discharge,  having  oppo- 
ttte  electricities,  and  changing  these  electricities  by  repeat- 
ed separations  and  replacings,  in  a  way  seemingly  very  ca^ 
pridous  at  first  sight,  but  which  the  attentive  reader  will 
find  to  be  according  to  fixed  laws,  and  agreeably  to  the  sup^ 
position  that  the  strata  gradually  shift  their  places  within 
the  glass,  very  much  resembling  what  we  observe  in  a  long 
glass  rod  which  we  would  render  electric  by  induction.     In 
this  case,  as  was  observed  in  §  57.  there  are  observed  more 
than  one  neutral  point,  &c. 

178.  Mr.  Cavendish  endeavours  to  give  us  some  notion 
of  the  disposition  of  the  fluid  in  the  substance  of  the  glass 
in  the  following  manner :  Having  separated  the  coated  plate 
from  the  machine  and  from  the  ground,  suppose  a  little  of 
the  redundant  fluid  inB  /S  )D  (  Plate  II.  fig.  9.)  equal  to  the 
flaid  wanting  in  £  t  f  F.   If  we  now  suppose  !dl  the  redund* 
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BBtliBd  to  be  lodged  in  O  III,  and  f  I  ^/ to  hold  all  tberet 
imimi  matter,  and  the  two  ooatings  to  be  in  their  mlmil 
iMe^  a  particle  p,  jriaoed  in  the  middle  of  the  surface  A  d, 
fiO  be  nearly  as  much  attracted  by  le/f  as  it  is  repelled 
hfiOi  (exactly  so  if  the  plates  were  infinitely  extended) ; 
ad  if  the  coating  be  removed,  keepng  parallel  and  opposite 
to  the  surface  that  it  quits,  there  will  be  very  litde,  if  any, 
tendency  to  fly  from  the  glaiBS  to  the  coating ;  there  will  ra- 
ther be  some  disposition  in  the  fluid  to  quit  the  coating  and 
Bjtoibe^Bss;  because  (he  repulsion  ofi^  )  i2 is  more dimiiw 
ished  than  the  attraction  of  icf/ (§42.)  But  the  difference 
will  be  very  small  indeed.  (N.  B,  The  result  would  be 
^  different  if  electric  action  followed  a  di&rent  law. 

Wioe  it  as  -^-^  the  ooaUng  would  be  much  overcharged ; 

and  were  it  as  -r-,  it  would  be  very  much  undercharged.) 

Now  the  fact  is,  that  when  the  coating  is  carefully  removed, 
it  is  possessed  of  very  little  electricityf  not  more  than  may 
reasonably  be  supposed  to  run  into  it  by  bringing  away  one 
part  before  another.  It  is  impossible  to  keep  it  mathcmati« 
eaUy  parallel. 

Hence  we  may  ccxiolude  that  the  greatest  part  of  the  re- 
dundant fluid  is  lodged  in  the  glass  if  the  plates  be  thin,  and 
the  redundant  fluid  bear  but  a  small  proportion  to  the  natu* 
nil  quantity.  Similar  reasoning  shews  that  the  greatest  part 
of  the  deficiency  is  in  the  other  side  of  the  glass ;  and  that 
therefore  the  coatings  are  very  nearly  in  their  natural  state, 
and  merely  serve  the  purpose  of  conducting. 

We  have  employed  coatings  of  considerable  thickness, 
having  holes  through  them,  opposite  to  which  was  some  gold 
leaf  of  the-heaviest  sort,  and  almost  free  of  cracks.  We 
haye  examined  the  state  of  the  bottom  of  those  pits  in  Mr. 
Couk)mb''s  manner,  and  always  found  them  void  of  electrir 
rity. 
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179.  Thus  we  learn  that  glass,  and  piobaUy  all  other 
eleotrics,  acquire  redundant  and  deficient  strata  as  well  at 
the  most  perfect  conductors,  at  the  same  time  that  they  may 
be  impervious  to  the  fluid ;  and  we  get  some  mode  of  con* 
ceiving  how  the  rupture  happens  by  a  strong  charge.  This 
nay  very  probaUy  happen  when  the  strata  have  formed,  in 
alternate  order,  so  deep  in  the  glass,  that  a  stratum,  in 
which  the  fluid  is  crowded  close  together,  may  become  con- 
tiguous to  one  deprived  altogether  of  fluid.  We  cannot^ 
however,  say  with  confidence,  what  sAanU  be  the  effisct  of 
this  state  of  things;  or  <if  one  constipated  stratum  coming 
in  contact- with  another. 

This  view  of  the  condition  of  charged  glass  explains  (we 
think)  several  phenomena  which  seem  not  well  understood 
by  electricians. 

180.  The  residuum  of  a  discharge  is  frequently  owing  to 
n  charge  extending  beyond  the  coating,  where  the  action  b 
connderably  irrqrular,  or  different  firom  what  it  would  be  if 
the  plates  were  infinitely  extended.     This  outline  charge  is 
taken  up  by  the  coated  part  after  a  very  little  while^  and 
may  again  be  dischaiged.    But  it  also  frequently  arises  from 
another  stratum  (much  thinner,  as  it  will  always  be)  than 
the  exterior  one,  coming  to  the  surface  some  time  after  the 
first  discharge^  and  being  now  in  a  condition  for  being  dis- 
charged.    It  explains  the  sparkling  that  is  perceived  tii  mc- 
cession  between  the  parts  of  a  jar  that  is  coated  in  spots, 
during  the  charge,  and  the  very  sensible  residuum  of  the 
charge  of  such  a  vessel.     1 1  explains  the  phenomena  of  Bec> 
caria^s  ElectricUas  Vindex  (see  Electricity,  EwydJ)  and 
the  great  difference  that  may  be  found  in  the  different 
kinds  of  glass  in  this  respect.     It  explains  the  great  differ- 
enoe  between  the  sensation  occasioned  by  a  spark  from  a 
perfectly  conducting  surface  of  considemhle  extent,  and  that 
occasioned  by  a  shock,  which  iXHiveys  the  same  quantity  of 
liiid  accumulated  in  a  small  surface  of  glass.  The  discharge 
f  the  first  ia  almost  instantaneous,  while  that  of  the  last 
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wquinf  a  anall  iBoment  of  time,  and  is  therefore  less  desuU 
torjr  and  abrupt.  The  one  is  pungent  and  startling ;  but 
the  other  is  softer  in  the  first  insumt,  and  swells  to  a  maxi- 
Boni.  Thafefofe,  in  the  medical  employment  of  electricitjr* 
when  the  purpose  b  to  be  effected  by  the  transfusion  of  a 
great  quantity  of  electric  ftuid,  we  should  recommend  Teij 
small  shocks  from  a  very  large  surface  of  coated  g^ass,  very 
fiuntly  electrified,  in  place  of  strong  sparks.  Patients  of 
inritable  oonstitutioiis  are  frequently  alarmed  by  the  quick- 
ness and  pui^gency  of  strong  sparks;  but  if  the  bails  of 
Lane's  shock-measurer  be  set  so  ck>se  as  to  give  four  or  &▼•' 
shocks  in  each  turn  of  a  seven  inch  cylinder,  the  shocks  are 
■ot  even  disagreeable.  The  balls  should  be  made  of  fine 
cupelled  silver :  in  which  case,  the  surface  will  never  be  hurt 
by  the  greatest  discharge ;  whereas  Ae  discharge  of  four 
square  feet  of  coated  glass  will  ruse  such  aroughness  on  the 
surfoce  of  brass  as  wiU  cause  it  to  sputter,  and  destroy  eOi- 
tirely  the  regularity  of  the  expen^ture  c^  fluid.  The  same 
eon^deration  should  make  us  prefer  a  jar  coated  intemaOy 
with  amalgam.  This  cobweb  coating  gives  a  greater  soft* 
aess  to  the  shock.  Lastly,  we  see  why  a  powerful  and  per- 
manent electricity  was  not  produced  in  the  tube  filled  with 
Belted  sealing  wax,  and  treated  as  mentioned  in  §  101.  The 
Mdundancy  and  defidency  intended  to  be  produced  could 
only  be  superficial.  And  because  the  wax  cooled  by  de- 
grees ficom  the  surface  to  the  axis,  and  the  wax  is  a  conduc- 
tor while  liquid,  it  must  have  taken  a  charge  at  last ;  and 
therefore  must  appear  but  faintly  electrical. 

181.  This  account  of  the  sUte  of  charged  glass  promises 
us  some  anistance  in  our  attempts  to  conceive  what  passes 
in  die  csdtation  of  glass  by  friction.  It  appears  from  Bcc- 
earia*s  experiments,  that  the  redundant  fluid  is  lodged  in 
the  same  manner  in  both  cases ;  for  by  rubbing  one  side  of 
a  glass  tumbler,  while  points  were  presented  to  the  opposite 
surfiioe,  and  were  connected  with  a  wire  that  communicated 
with  die  ground,  he  gave  it  a  powerful  charge. 
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182.  It  is  observed,  that  when  the  laminseof  a  piece  of 
Muscovy  glass  are  separated,  by  pulling  them  asunder  w|tk 
out  inserting  any  instrument  between  them,  they  areelectii* 
cal  when  separated ;  one  being  positive,  and  the  other  nega* 
tive.  Must  we  not  conclude  from  this,  that  when  conjoined 
Ihey  were  in  the  state  of  charged  glass  ?  If  we  take  this 
view  of  it,  a  body  may  contain  a  prodigious  quantity  of  elec* 
trie  fluid  without  exhibiting  any  appearance  of  it.  Mr. 
Nicholson  found,  by  a  very  fair  computation  from  his  expe* 
liments,  that  a  cubic  inch  of  talc,  when  split  into  plates  of 
0,011  of  an  inch  in  tliickness,  and  coated  with  gold  lei( 
gave  a  shock  equal  to  the  emptying  45  conductors,  each 
seven  inches  in  diameter  and  three  feet  long,  electrified  to 
that  each  gave  a  spark  at  nine  inches  distance.  Now,  the 
whole  of  this  was  moveable  fluid,  and  no  more  than  what 
the  talc  contains  when  unelectrified :  for  no  more  comes  ia- 
to  the  po^tive  side  than  goes  out  of  the  negative  side.  Nay, 
there  is  no  probability  that  the  quantity  moveable  in  our 
experiments  bears  a  considerable  proportion  to  the  natural 
quantity.  The  quantity  of  moveable  fluid  in  a  man's  body 
is  therefore  very  great :  and  Lord  Mahon  is  well  authorised 
to  say,  that  the  sudden  displacing  of  this  quantity  in  a  rfr- 
turning  stroke^  which  has  been  occa^oned  by  a  discharge  of 
a  cloud  in  a  very  distant  place,  is  fully  adequate  to  the  pro- 
duction of  the  most  violent  efiects.  But  bis  Lordship  has 
not  attended  to  the  circumstance,  that  no  such  displacement 
can  happen.  The  accumulation  that  can  be  made  in  the 
human  body  is  only  superficial ;  and  therefore,  although 
the  whole  fluid  of  a  man'*s  body  may  change  its  place,  it  will 
not  change  it  with  the  rapidity  that  seems  necessary  for  the 
violent  effects  of  electricity,  except  in  the  very  points  of 
communication  with  the  surrounding  bodies. 

183.  We  have  now  seen  in  what  sense  the  idio-eleetrics 
may  be  said  to  be  impervious  to  the  electric  fluid.  It  is  mov- 
ed in  them  only  to  very  ^mall  and  imperceptible  distance^* 
When  a  considerable  stratum  is  discharged,  the  fluid  does 
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liot  ooOie  from  the  extremity  of  it  to  the  point  of  discharge 
through  the  ghiss,  but  through  the  coating.  And  when  al« 
teniate  strata  of  redundant  fluid  and  redundant  matter  ate 
fimned,  the  particles  in  each  shift  their  places  very  little, 
moving  perpendicularly  to  tht  stratum. 

184.  Even  this  degree  of  obstruction  has  been  denied  by 
some  very  active  electricians^  who  have  multiplied  experi- 
ments to  prove  that  the  fluid  passes  freely  through  glas8» 
and  thai  the  theory  of  coated  electrics  is  totally  different 
from  what  Jfranklin  imagines.  Mr.  Lyons  of  Dover  ha^ 
published.  A  numerous  list  of  singular  experiments,  which  he 
hss  mad^  with  this  vievr,  with  much  trouble,  and  no  small 
expence.  They  may  all  be  reduced  to  tliis :  A  wire is  brought 
fromthe^ou^de.of  a  phial,  charged  by  the  knob,  and  ter- 
mu^ites  in  a  sharp  point  ata  small  distance  from  a  thin  ^ass 
plate  (it  is  oommoply  introduced  into  a  glass  tube,  having  a 
hfii  at  the  end,  and  the  point  of  the  wire  refiehes  to  the  cen* 
tre  of  the  ball) ;  and  another  wire  is  connected  with  the  dis^ 
€haTging  rod,,  and  .also  comes  very  near  (and  frequently 
close)  to  the  other  side  of  the  glass,  opposite  to  the  pointed 
wire.  With  this  apparatus  he  obtains  a  discharge  ;  and 
therefore  says,  tUlt  the  glass  is  permeable  to  electricity. 
But  he  does  not  narrate  all  the  circumstances  of  the  experi* 
ment.  We  have  repeated  all  of  them  that  have  imy  real 
diffiU'ence  (for  most  of  them  are  the  same  fact  in  different 
forms),  and  we  have  obtained  discharges :  But  they  were 
aU  very  incomplete,  except  when  the  glass  was  perforated, 
which  happened  very  frequently.  The  discharge  was  never 
made  with  a  full,  bright,  undivided  spark,  and  loud  snap ; 
but  with  sputtering,  and  trains  of  sparks,  continued  for  a 
very  senrible  time ;  and  the  phial  was  never  deprived  of  a 
considerable  part  of  its  charge ;  and  (which  Mr.  Lyons  has 
taken  no  notice  of),  the  glass  is  found  to  be  charged,  nega- 
tive on  the  ade  connected  with  the  positive  side  of  the  phial, 
and  positive  on  the  other.  This  cliarge  was  communicated 
to  the  glass  over  a  pretty  considerable  surface  round  the 
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points  immediately  opposite  to  the  wires.  This  is  quite  oon- 
formable  to  the  experiments  of  Dr.  Franklin  and  Beocariay 
who  charged  a  tumbler  by  grasping  it  with  the  hand,  and 
presenting  the  inside  to  a  point  electrified  by -the  prime  coo* 
ductor.  The  whole  experiment  is  analogous  to  the  one  nar- 
nted  in  §  176. 

186.  We  may  conclude  our  observations  on  coated  glass 
with  mentioning  a  curious  experiment.  A  flat  stick  of  fine 
sealing  wax,  warmed  till  it  bent  pretty  readily,  waa  render- 
ad  permanendy  electrical,  with  a  positive  and  nq^ve  pole^ 
in  a  manner  analogous  to  the  double  touch  of  magnets.  A 
small  jar  was  taken,  having  a  hemi^here  on  the  end  of  ita 
inside  wire,  and  another  on  the  end  of  a  stiff  irire  prcgecting 
fiom  the  outer  coating,  and  then  turned  up  parallei  to  the 
inside  wire ;  so  that  the  two  hemispheres  stood  equally  high, 
and  about  three  inches  asunder.  This  jar  was  dectrified  so 
weakly,  as  to  run  no  risk  of  a  spontaneous  discharge.  The 
flat  faces  of  the  two  hemispheres  were  now  applied  to  the 
flat  side  of  the  sealing  wax,  and  were  moved  to  and  fio 
along  it,  overpassing  both  ends  about  an  inch  with  each  he* 
misphere.  The  experiment  was  very  troublesome ;  for  the 
phial  often  discharged  itself  along  the  sUmoe  of  the  sealing 
wax,  and  all  was  to  begin  again.  But,  by  continuing  this 
operation  till  the  sealing  wax  grew  quite  cold  and  hard,  it 
acquired  a  very  sensible  electricism,  which  lasted  several 
weeks  when  kept  with  care ;  but  still  it  was  not  much  more 
sensible  than  that  of  the  sealing  wax,  which  congealed  be- 
tween two  globes  oppositely  electrified. 

186.  After  this  application  of  the  thecHry  to  the  pheno- 
mena of  coated  glass,  it  will  not  be  necessary  to  employ  much 
time  in  its  application  to  the  electrophorus.  The  general 
propositions  fTX)m  $  14.  to  35.  and  their  companions  in 
i  38 — 43.  will  enable  us  to  state  with  precision  (when  combin- 
ed with  the  law  of  electric  action)  the  actions  of  every  part 
of  this  apparatus ;  and  considerable  assistance  will  be  deri- 
ved from  a  careful  consideration  of  our  analysis  of  Professar 
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BidunaBB'B  experiment  in  §  156.  But  we  must  content 
oursdvee  with  a  general,  popular  view  of  these  particular^ 
which  may  be  sufficient  for  making  us  understand  what  will 
be  the  kini^  and  somewhat  of  the  itUetueiU/f  of  the  action  of 
its  different  parts. 

The  electrophorus  consists  of  three  parts.  The  chief  pait 
is  the  cake  ABCD  (Plate  II.  fig.  10.)  of  some  electric ;  such 
as  gum  lac,  sealing  wax,  pitch,  or  other  re^nous  composition. 
This  is  melted  on  some  conducting  plate,  DCFE,  and  allow-* 
edlocongeal;  in  niiich  state  it  is  found  to  be  n^atively  elec- 
tric AnoCher  conducting  plate  6HB  A  is  laid  on  it,  and  may 
be  raised  up  by  sSik  lines,  or  any  insulating  handle.  We  shall 
call  ABCD  the  caxb,  DCFE  the  sole,  and  6HBA  the 
covsa. 

The  general  appearances  not  having  been  so  scienUfically 
classed  in  the  article  ELXCTRicunr  a$  could  be  wished,  we 
ahall  here  narrate  them,  very  briefly,  in  a  way  more  suited 
to  our  purpose.  In  comparing  the  theory  with  observation, 
it  wiD  be  proper  to  make  all  the  three  parts  of  conmderable 
thickness,  and  of  no  great  breadth.  Although  this  diminish- 
er  greatly  the  most  remarkable  of  the  actions,  it  leaves  them 
soiBciently  vivid,  and  it  greatly  inoreases  the  smaller  chan- 
ges which  are  instructive  in  the  comparison.  The  general 
facts  are, 

1.  If  the  sole  has  been  insulated  during  the  congelation 
of  the  electric,  till  all  is  cold  and  hard,  the  whole  b  found 
negatively  electric,  and  the  finger  draws  a  ^rk  from  any 
part  of  it,  especially  from  the  sole.  If  allowed  to  remain  in 
this  situation,  its  electricity  grows  gradually  weaker,  and  at 
last  disappears :  but  it  may  be  excited  again  by  mbbbg  the 
cake  with  dry  warm  flannel,  or,  which  is  the  best,  with  dry 
and  warm  cat  or  hare  fur.  If  the  cover  be  now  set  on  the 
cake  by  its  insulatifkg  handle,  but  without  touching  the  cover, 
and  again  separated  from  the  cake,  no  electricity  whatever 
is  observed  in  the  cover. 
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S.  BiittfHbet(mcliedwhUeontlKcake,s8ha^ 
gent  spark  is  obCained  frsm  it;  and  if^  at  the  saime  tim^  the 
sole  be  touched  with  the  thumb,  a  yery  sensible  shock  is  tdt 
in  the  finger  and  thumb. 

S.  Afler  this,  the  electrophorus  appears  quite  inactive^ 
and  is  sAid  to.be  dead ;  ntither  sble  nor  cover  giving  any 
«gn  of  electricity.     But, 

4.  When  the  cover  is  raised  to  some  distance  from,  the 
cake  (keeping  it  parallel  therewith),  if  it  be  touched  while 
in  this  situation,  a  smart  spark  flies,  to  some  distance,  be- 
tween it  and  the  finger,  more  remarkably  from  the  upper 
ride,  and  still  more  from  its  edge,  which  will  even  throw  off 
sparks  into  the  air^  if  it  be  not  rounded  off.  As  thiis  dim^ 
nishes  the  desired  effects,  it  is  proper  to  have  the  edge  so 
rounded.  This  spark  is  not  so  sharp  as  the  former,  and  re- 
semUes  that  fimn  any  electrified  conductor. 

5.  The  electricity  of  the'  cover,  while  thus  raised,  b  (>f  the 
opporite  kind  to  that  of  the  cake,  Gf  is  poritive. 

6.  The  electridty  of  the  cover  wlule  lying  on  the  cake  is 
the  same  with  that  of  the  cake,  or  negative. 

7.  The  appearances  §  2, 3, 4,  may  be  repeated  for  a  very 
long  time  without  any  sensible  diminution  of  their  vivacity. 
The  instrument  has  been  known  to  retain  its  power  und^ 
tninishcd  even  for  months.  This  makes  it  a  sort  of  magph 
zine  of  electricity^  and  w^  can  take  off  the  electricity  of  the 
cake  and  of  the  cover  as  charges  for  separate  jars,  the  cover,- 
when  raised,  charging  like  the  prime  conductor  of  an  ordi- 
nary electrical  machine ;  and,  when  set  on  the  cake,  charge 
ing  it  like  the  rubber.  This  caused  the  inventor,  Mr.  Volta, 
to  give  it  the  name  of  Electrophorus. 

8.  If  the  sole  be  insulated  before  putting  on  the  cover, 
the  spark  obtained  from  the  cover  is  not  of  that  cutting  kind 
it  was  before:  but  the  same  shock  will  be  felt  if  both  cake 
and  cover  be  touched  together. 

9.  If  the  cover  be  again  raised  to  a  conriderable  height, 
the  sole  will  be  found  electrical,  and  its  electricity  is  that  of 
the  cake  and  opposite  to  that  of  the  cover. 
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10.  After  touching  both  coyer  .and  sole,  if  the  cover  be 
raised  and  again  set  down,  without  touching  it  while  alofl, 
the  whole  is  again  inactive. 

11.  If  both  cover  and  sole  be  made  inactive  when  joined, 
they  shew  opposite  electricities  when  separated,  the  sole  hav* 
ing  the  electricity  of  the  cake.     • 

IS.  If  both  cover  and  sole  be  made  inactive  when  sepa- 
rate, they  both  shew  the  opposite  to  the  electridty  of  the 
cake  when  joined. 

187.  I#et  U8  now  attend  to  the  disposition  of  the  electri- 
cal fluid  in  the  different  parts  of  the  instrument  in  their  va- 
rious situations^  and  to  the  forces  which  operate  mutually 
between  them.  N.  B.  Experiments  for  examining  this  in* 
stmmeiit  are  best  made  by  setting  the  three  pUtes  vertical- 
ly, supported  on  glass  stalks,  with  leaden  feet  to  steady  them. 
A  very  small  electrometer  nuty  be  attached  to  the  outer  sur- 
&oe8  of  the  cover  aqd  sole. 

If  the  extent  of  the  plates  were  incomparably  greater  than 
their  thickness,  we  may  infer  from  §  92,  &c<  that  the  re* 
dundant  fluid  and  matter  would  be  di^xised  in  parallel  stra* 
ta,  and  that  the  actions  would  be  the  same  at  all  distances. 
But  nnce  this  is  not  the  case,  the  disposition  of  the  fluid  will 
be  somewhat  different ;  and  whatever  it  is,  the  action  of  any 
stratum  will  be  diminished  by  an  increase  of  distance.  The 
following  description  cannot  be  very  different  from  the  truth: 

188. — I.  The  cake  gfovrs  negative  by  cooling  ;  and  if  it 
were  {done,  it  would  have  a  negative  superficial  stratum  on 
both  sides,  gf  greater  thickness  near  the  edges ;  and  the  fluid 
would  probably  grow  denser  by  degrees  to  the  middle,  where 
it  would  have  its  natural  density.  This  disposition  may  be 
inferred  from  §  92,  93,  and  98.  But  it  cools  in  conjunc- 
tion with  the  sole,  and  the  attraction  of  the  redundant  mat- 
ter in  the  cake  for  the  moveable  fluid  in  the  sole  disturbs  its 
uniform  diffusion  in  the  sole,  and  causes  it  to  approach  the 
cake.  And  because  this,  in  all  probability,  happens  while 
the  cake  is  still  a  conductor,  the  disposition  of  its  fluid  will 

vol,.  IV.  K 
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be  different  from  that  described  abovey  and  the  6nal  disposrk- 
tion  of  the  fluid  in  the  cake  and  sole  will  resemble  that  d^5> 
scribed  in  §  95,  where  the  plates  E  and  A  represent  tiks« 
cake  and  sole.     But  because  we  do  not  know  precisely  tl:m« 
gradation  of  density,  and  aim  only  at  general  notions  at 
sent,  it  will  be  sufficient  to  consider  the  cake  and  sole  as 
vided  into  two  strata  only ;  one  redundant  in  fluid,  and  i^t 
other  deficient,  neglecting  the  neutral  stratum  that  is  inter- 
posed between  them  in  each.     The  cake,  then,  consists  oFa 
stratum  AB  ft  a  A  containing  redundant  matter,  and  a  stra- 
tum a  b  CD  containing  redundant  fluid :  and  the  sole  has  a 
stratum  DC  n  m  containing  redundant  fluid,  namely,  all  thst 
belongs  naturally  to  the  space  DCFE,  and  a  stratum  » n 
FE  containing  redundant  matter.  '  This  may  be  called  tli> 
FRiMiTiTS  STATB  of  the  cakc  and  sole ;  and  if  once  changed 
by  communication  with  undectrified  bodies,  it  can  never  b 
recovered  again  without  some  new  excitement. 

189.-— II.  If  the  sole  be  touched  fay  any  body  commmi- 
eating  with  the  ground,  fluid  will  come  in,  till  the  repulttoa 
of  the  redundant  fluid  in  the  sole  for  a  superficial  partide 
y  is  equal  to  the  attraction  of  the  redundant  matter  in  the 
cake  for  the  same  particle.  What  has  been  said  concern- 
ing infinitely  extended  plates,  rendered  neutral  on  one  ride, 
may  suffice  to  give  us  a  notion  of  the  present  disporitkm 
of  the  fluid  in  tiie  sole.  The  under  surface  will  be  neutral, 
and  the  fluid  will  increase  in  density  toward  the  surfiioe 
DC.  The  sole  contains  more  than  its  natural  quantity  of 
fluid,  but  is  neutral  by  the  balance  of  opposite  forces.  Let 
it  now  be  insulated.  This  disposition  of  fluid  may  be  call* 
ed  the  common  slate  of  the  elcctrophorus. 

190.— III.  Let  the  cover  6HBA  be  laid  on  it  The 
particle  r,  at  the  upper  surface  of  the  cover,  must  be  mora 
attracted  by  the  redundant  matter  in  the  stratum  A  BAa 
than  it  is  repelled  by  the  redundant  fluid  in  the  remoter 
strata ;  for  the  fluid  in  the  cake  is  less  than  what  belongs  to 
it  in  its  natural  state,  and  therefore  t  is  attracted  by  the 
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cake.  The  reduQdmt  fluid  which  has  come  into  the  re- 
inote  side  of  the  sole  is  less  than  what  would  saturate  the 
jiedundant  matter  of  the  cake,  because  it  only  tialances  the 
^excess  of  the  remote  action  of  this  matter  above  the  nearer 
^action  of  the  compressed  fluid  in  the  sole ;  and  this  smaller 
quantity  of  redundant  fluid  acts  on  ar  at  a  greater  distance 
than  that  of  the  redundant  matter  in  the  cake.  On  the 
whole,  therefore,  the  particle  z,  lying  immediately  within 
the  surface  GH,  is  attracted ;  therefcM'e  some  will  move  to- 
ward the  cake,  and  its  natural  state  of  unifiirm  diffuaon 
through  the  cover  will  be  changed  into  a  vident  state,  iu 
which  it  will  be  compressed  on  the  surface  AB,  being  ab- 
stracted from  the  surface  £rH.  It  will  now  have  a  stratum 
Ggp  H,  containing  redundant  matter,  and  another  g-p  BA^ 
containing  redundant  fluid.  But  this  mil  disturb  the  ar- 
rangement which  had  taken  place  in  the  sole,  and  had 
rendered  it  neutral  on  the  under  surface.  We  do  not 
attend  to  the  fluid  in  the  cake,  but  consider  it  as  immove- 
able, for  any  motion  which  it  can  get  wUl  be  so  small, 
that  the  variations  of  its  action  will  be  altogether  insigni- 
ficant The  particle  ^,  situated  in  that  surface,  will  be 
more  repelled  by  the  compressed  fluid  in  the  stratum  gp 
BA  than  it  is  attracted  by  the  equivalent,  but  more  remote 
redundant  matter  in  GHpg.  Fluid  is  therefore  disposed 
to  quit  the  sur&ce  EF,  and  the  sole  appears  positively  elec- 
tric ;  very  little  indeed,  if  the  cover  be  thin.  All  this  may 
be  observed  by  attaching  a  small  Canton's  electrometer  t6 
the  lower  s\ir&oe  of  the  sole,  or  by  touching  the  sole  with 
the  electrometer  of  flg.  8,  and  then  trying  it^  electricity  by 
rubb^  wax  or  glass. 

191.«!«IV.  A  partide  of  fluid  z.  placed  immediately  with- 
out the  surface  GH,  will  be  more  attracted  by  the  deficient 
stratum  OH  p  g  and  by  AB  b  a  than  it  is  repelled  by  the 
redundant  strata  beyond  them,  and  the  cover  must  be  sen- 
nbly  negative.  This  is  the  common  state  of  the  whole  in- 
stmm^At  after  setting  on  the  cover.    It  is  slightly  posi- 

2 


148  BLSCTEICITT. 

live  on  the  lower  surface  of  the  sole,  and  much  more  sensi* 
bly  n^ative  on  the  upper  surface  of  the  cover.     A  smarC 
spark  will  therefore  be  seen  between  it  and  the  finger,  fliud 
will  enter,  till  the  attraction  of  the  redundant  matter  in  AB  b  a 
is  balanced  by  the  repulsion  of  the  redundant  fluid  in  DCFE, 
198.— V.  A  spark  will  now  be  obtained  from  the  sole^ 
because  it  was  fisdntly  positive  before,  and  there  has  been 
added  the  action  of  the  fluid  which  has  entered  into  the 
cover.     The  fluid  in  the  sole  is  therefore  disposed  to  fly  to 
any  body  presented  to  it.    But  when  this  has  happened^ 
the  equillibrium  at  the  surface  GH  b  destroyed,  and  that 
surface  again  becomes  negative,  and  will  attract  fluid,  al- 
though the  cover  already  contains  more  than  its  natural 
quantity.    A  small  spark  will  therefore  be  seen  between  the 
cover  and  any  conducting  body  presented  to  it.     By  touch- 
ing it,  the  neutrality  or  equihbrium  is  restored  at  GH ; 
but  it  is  destroyed  again  at  £F,  which  will  again  give  a 
pontive  spark,  which,  in  its  turn,  agsun  leaves  GH  negative, 
This  will  go  on  for  ever,  in  a  series  of  communications  con* 
tinually  diminishing  so  as  soon  to  become  insensible,  if  the 
three  parts  of  the  electrophorus  be  thin.     This  makes  it 
proper  to  make  them  otherwise,  if  the  instrument  be  intend* 
ed  for  illustrating  the  theory. 

At  last  the  equilibrium  is  completed  at  the  surfaces  GH 
and  EF,  and  both  are  neutral  in  relation  to  surrounding  bo- 
dies,  although  both  the  cover  and  sole  contiun  more  than 
their  natural  share  of  electric  fluid.  We  may  call  this  the 
NEUTRAL  or  DEAD  State  of  the  elertrophorus. 

193.  This  state  may  be  produced  at  once,  instead  of  do- 
ing  it  by  these  alternate  touches  of  GH  and  EF.  If  we 
touch  ^t  once  both  these  surfaces,  we  have  a  bright  pun- 
gent spark,  and  a  small  shock.  If  this  be  the  object  of  the 
experiment,  the  state  N^  IV.  which  gives  occasion  to  it,  may 
he  called  the  charged  State  of  the  electrophorus. 

When  the  instrument  has  thus  been  rendered  neutral  in 
relation  to  surrounding  bodies,  H  is  plain  that  it  may  con- 
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^u»ie  in  this  state  ftr  any  length  of  time  without  any  di- 
nanitkm  of  its  capability  of  producing  the  other  phenomena, 
pnifided  only  that  no  fluid  pass  from  the  cover  to  the  cake. 
We  do  not  fidfy  understand  what  prevents  this  oommunica- 
tioQ,  Dor  indeed  what  prevents  the  rapid  escape  from  an  over- 
dnrged  body  into  the  air.  This  causef  whatever  it  be,  ope- 
ates  here ;  and  the  best  way  of  preventing  the  dissipation, 
or  the  absorption  by  the  cake,  is  to  keep  the  electropboniB 
with  its  cover  on*  It  will  come  into  this  neutral  state  by 
diMpBtzon  from  the  sole^  and  absorption  by  the  cover,  in  no 
Teiylong  time;  and  after  this^  will  remain  neutral,  retain- 
ing its  power  with  great  obstinacy,  especially  if  the  cake  and 
pktes  are  vety  thin* 

194^— VI.  If  the  cover  be  now  removed  to  a  distance, 
both  parts  of  the  apparatus  will  shew  strong  marks  of  elec- 
tricity. The  cover  contains  much  redundant  fluid,  and  must 
appear  strongly  po^tive,  and  will  give  a  bright  spark,  which 
may  be  employed  for  any  purpose.      It  may  be  employed 
iur  charging  a  jar  positively  by  the  knob,  if  we  just  touch 
the  cover  with  the  knob.     The  sole  will  attract  fluid,  or  be 
sqpstive,  although  it  contain  more  than  its  natural  quantity 
of  fluid,  and  it  will  take  a  spark.   The  sole  therefore,  in  the 
absence  of  the  cover,  may  be  employed  to  charge  a  jar  ne« 
gitively  by  the  knob.     By  touching  it  with  the  Anger,  or 
with  the  knob  of  a  jar  held  in  the  hand,  it  is  reduced  to  the 
common  state  described  in  N<>  II. ;  and  now  all  the  former 
eiq>eriments  may  be  repeated.     We  may  call  this  the  ac- 
Tiva  or  the  charoino  state. 

This  state  of  the  apparatus  has  caused  it  to  get  the  name 
EUUroplkants.  Volta,  its  undoubted  inventor,  called  il  Elec* 
troforoperpeiuo;  for  it  apptarMy  as  has  been  already  observed, 
to  contain  a  magazine  of  electricity.  The  cover,  when  re- 
moved, win  charge  a  jar  held  in  the  hand  positively ;  and 
having  done  this  service,  it  will  charge  ajar  negatively  when 
^pin  set  on  the  cake.  The  sole,  in  the  absence  of  the  co- 
ver, will  charge  a  third  jar  negatively ;  and  then,  when  \hr. 
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cover,  after  being  touched,  is  set  down  agun,  it  will  charge 
a  fourth  jar  positivelj.  It  will  not  be  difficult  to  contrive  a 
simple  mechanism,  connected  with  the  motion  of  the  cover, 
which  shall  connect  the  joined  parts  with  two  jars,  and  shall 
connect  them,  when  separated,  with  two  others ;  and  thus 
charge  all  the  four  with  great  expedition.  All  this  is  done 
without  any  new  exdtation  of  the  electrophorus.  But  it  is 
by  no  means  a  magaztKe  of  electricity  which  it  gradually  ex- 
pends :  it  is  a  collectoe  of  electricity  from  the  surrounding 
bodies,  which  it  afVerwards  imparts  to  others,  and  may  be 
employed  to  discharge  jars  in  the  same  gradual  manner  as 
to  chaige  them. 

195.-.VII.  If  the  electrophorus  is  not  insulated,  a  shock 
may  stiU  be  obtained,  by  first  touching  the  sole,  and  then, 
without  removing  the  finger,  touching  the  cover:  but  this 
will  not  be  so  smart  as  when  the  negative  cover  is  touched 
at  the  same  time  that  we  touch  the  sole,  more  highly  posi- 
tive, than  when  it  communicates  with  the  ground.  The  dif- 
ference must,  however,  be  almost  imperceptible  when  the 
pieces  are  thin. 

196.— VIII.  If  the  electrophorus  is  not  insulated,  the  co- 
ver, when  put  on,  will  give  a  spark  in  the  manner  already 
mentioned,  and  it  will  be  somewhat  stronger  than  when  it  is 
insulated ;  because  the  fluid  is  allowed  to  escape  from  the 
sole,  and  does  not  obstruct  the  entry  into  the  cover.  If  we 
then,  without  removing  the  finger  from  the  cover,  touch  the 
sole,  nothing  is  felt;  but  if  we  first  touch  the  sole,  and  with- 
out removing  the  finger  from  it,  touch  the  cover,  we  obtain 
a  shock.  This  is  evident  from  the  theory.  By  this  series 
of  alternate  touches,  the  period  of  the  electrophorus  is  com- 
pleted. The  electrophorus  is  charged,  or  rendered  neutral, 
by  touching  the  plates  when  joined  ;  then,  by  touching  both 
when  separated,  the  whole  is  reduced  to  the  common  state. 
When  separated,  from  being  in  the  neutral  state,  they  have 
opposite  electricities,  the  sole  shewing  that  of  the  cake._ 
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VJhen  brought  together,  each  in  the  common  state,  they 
ha?e  opposite  electricities,  the  corer  shewing  that  of  the  cake. 

197.— 'IX.  When,  by  long  exposure  to  the  air  without 
its  cover,  the  electrophorus  has  lost  its  virtue,  it  may  be 
brought  again  into  an  active  state  in  a  variety  of  ways.  Its 
surface  may  be  readied  negative  by  friction  with  dry  cat 
or  hare  skin^  or  vrarm  flanneL  It  may  be  rendered  negative 
by  setting  on  it  a  jar  charged  positively  oo  the  inside,  and 
then  ioudiing  the  knob  with  any  thing  communicating  with 
the  ground  This  is  the  most  expeditious  method,  and  will 
give  it  a  high  degree  of  excitation,  if  the  jar  be  of  sixe,  and 
if  the  electrophorus  be  covered  with  a  plate  of  tinfoil  which 
comes  into  contact  all  over  its  sur&ee.  This  however  re- 
quires the  previous  charging  of  the  jar ;  therefore  it  will  be 
as  expeditious  and  effectual  to  connect  this  surfiM^e  with  the 
rubber  of  an  dectrical  machine.  We  had  almost  forgotten 
to  remark,  that  the  effects  of  bringing  the  cover  edgewise  to 
tlie  cake  follow  cleariy  from  the  theory,  as  will  appear  to  the 
attentive  reader  without  further  explanation. 

198.  The  electrophorus  has  been  compared  to  a  chaiged 
plate  of  coated  glass.  It  is  true  that  it  may  be  brougki  into 
an  external  state  which  very  much  resembles  a  charged  pane; 
namely,  when  the  cover,  in  its  natural  state,  is  set  on  the 
electrophorus  in  its  natural  state ;  and  accordingly  it  gives  a 
shock,  and  the  two  exterior  surfaces  become  neutral ;  but 
the  internal  constitution  and  the  acting  forces,  are  totally 
and  tsienXially  different.  The  two  coatings  of  the  pane  would 
not,  when  separated,  exhibit  the  appearances  of  the  electro- 
phorus ;  nor,  when  touched  in  their  disjoined  state,  will  they 
produce  the  same  effects  when  joined.  In  the  operation  of 
coated  glass,  the  constant  or  invariable  part,  the  glass  is  not 
the  agaU^  it  is  merely  the  occasion  of  the  action,  by  alhwing 
the  aocumulationt  In  the  electrophorus,  the  electric,  which 
is  the  constant  invariable  part,  is  the  agent  producing  the  ac- 
cumulation. The  electrophorus  is  an  original,  and  a  very 
ingenious  and  curious  electrical  machine.  Nothing  has  s<» 
much  contributed  to  spread  some  general,  though  slight,  ac- 
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quaintanoe  with  the  mechanical  piindples  ofelectricity.  Thtf 
numerous  dabUen  in  natural  knowledge  had  been  diTeitail 
from  scientific  pursuit  by  the  variety  of  the  singular  and  aditias* 
mg  effects  of  electridty,  and  had  really  attained  very  little  odtfi* 
nected  knowledge.  The  effects  of  the  electrophorus^rced  this 
knowledge  on  them ;  because  no  use  can  be  made  of  it  with- 
out a  pretty  dear  conception  of  the  dispodtion  of  the  dec- 
tridty,  and  the  kind  and  intensity  of  the  actions.  It  isthere* 
fore  most  ungrateful  in  the  experimenters  who  have  attain^ 
ed  better  views,  to  attempt  to  rob  Mr.  Volta  of  the  real 
merit  of  discovery,  by  shewing  that  its  effects  are  similar  to 
those  of  Mr.  Symmex^s  stockings,  or  of  Cigna^s  plates,  or  of 
FrankUn^s  charged  or  discharged  glass  panes.  And  the  at- 
tempt destroys  itself:  for  it  shews  the  ignorance  or  inatten^ 
tion  of  its  author ;  for  the  similarity  is  not  real,  as  will  ap- 
pear dear  to  any  person  who  will  examine  things  minutely 
and  adentifically,  prooee^g  in  this  exanunation  on  suppo* 
dtions  dmilar  to  those  whidi  we  employed  in  the  analysb 
of  Richmann^s  experiment.  It  was  indeed  in  subserviency 
to  this  examination  that  we  entered  into  the  detail  of  that 
experiment,  it  being  a  simpler  case.  The  accurate  exami- 
nation of  Richmann's  experiment  reiquires  the  fluxionary 
calculus  in  its  refined  form.  In  the  present  question  five 
acting  strata  are  to  be  considered,  which  renders  the  fi;>rmu- 
Ise  very  complicated,  and  indeed  intractable,  unless  we  make 
the  plates  extremely  thin  ;  which,  fortunatdy,  is  the  best 
form  of  the  instrument  We  have  completed  this  mathe- 
matical analysis ;  and  the  popular  view  here  given  is  the  re- 
sult of  that  computation. 

199.  The  electridans  are  no  less  obUged  to  Mr.  Volta  for 
another  machine,  or  instrument,  from  which  the  study  of 
Nature^s  operations  has  derived,  or  may  derive,  immense  ad- 
vantages. We  mean  the  condbkser  or  collector  of  dec- 
tricity^.     The  general  effect  is  to  render  sendhle  an  ac- 

*  See  the  Edinburgh  Encyclopedift  vol.  VIU.  p.  525,  for  an  account  of thrs 
iiistruaieDt. 
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eutimlatkm  or  deficiency  cf  electric  fluid  so  slight  that  it 
mil  not  affect  the  most  delicate  electrometer ;  and  it  produ- 
oes  (at  least  in  the  c^nion  of  Mr.  Volta)  this  effect^  by  em- 
^ying  for  the  sole  of  an  electrophorus  a  body  which  is  an 
imperfect  conductor,  such  as  a  plate  of  well  dried  marble^ 
or  well  dried,  but  not  baked,  wood ;  or  even  a  conducting 
body,  covered  with  abit  of  dry  taffety  or  other  silk.  Mr.  Volta, 
Cavallo,  and  others,  who  have  written  a  great  deal  on  the 
subject,  have  attempted  to  Aew  how  these  substances  are 
preferable  (and  they  certainly  are  preferable  in  a  high  de* 
gree)  to  more  perfect  insulators :  but  not  having  taken  pains 
to  form  precise  notions  of  the  disposition  and  action  of  the 
electric  fluid  in  the  situations  afforded  by  the  instrument, 
their  reasonings  have  not  been  very  clears  We  think  that 
an  adequate  conception  of  the  essentials  of  the  proposed  in« 
strument  mi^  be  acquired  by  means  of  the  following  consi- 
derations: 

200.  Furnish  the  cover  of  an  etectiophorus  with  a  gra- 
duated electrometer,  which  indicates  the  proportional  Jkgrtet 
rfekctricity;  electrify  it  positively  to  any  degree^  suppose 
six,  while  held  in  the  hand,  at  some  distance,  right  over  a 
metal  plate  lying  on  a  wine  glass  as  an  insulating  standi  but 
communicating  with  the  ground  by  a  wire.  Bring  it  gra- 
dually down  toward  the  plate.  Theory  teaches,  and  we  know 
it  by  experiment,  that  the  electrometer  will  gradually  sul>* 
side,  and  perhaps  will  reach  to  2o  before  the  electricity  it 
communicated  in  a  spark.  Stop  it  before  this  happens.  In 
this  state  the  attraction  of  the  lying  plate  produces  a  com- 
pensation of  four  degrees  of  the  mutual  repulsion  of  the  parts 
oF  the  cover,  by  constipating  the  fluid  on  its  under  surface^ 
and  forming  a  deficient  stratum  above.  This  needs  no  far« 
ther  explanation  after  what  has  been  said  cm  the  charging 
of  coated  glass  plates.  Now  we  can  suppose  that  the  escape 
of  the  fluid  from  this  body  into  the  air  begins  as  soon  as 
electrified  to  the  degree  6,  and  that  it  will  fly  to  the  lying 
plate  with  the  degree  2^  if  brought  nearer.    If  we  can  pro- 
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vent  this  eonnnttnication  to  the  Ijing  plate,  hy  interponi|^ 
an  electric,  we  maj  electrify  the  ooTer  agiun,  while  so  nor 
the  metal  plate,  to  the  dq;ree  6,  before  it  will  streson  off  m* 
to  the  air.  If  it  be  now  remored  from  the  lying  plate,  the 
fluid  would  nuse  the  electrometer  to  10,  did  it  not  imiBe- 
diatdy  stream  off;  and  an  electric  exdtement  of  any  kind 
which  could  only  ndse  this  body  to  the  degree  6  by  its  in- 
tensity, will,  by  this  apparatus,  raise  it  to  the  degree  10,  if 
only  copious  enough  in  extent.  If  we  do  the  same  thin; 
when  the  wire  is  taken  away  which  connects  the  lying  piste 
with  the  ground,  we  know  that  the  same  diminution  of  tbs 
electricity  of  the  other  plate  cannot  be  produced  by  brin^ 
ing  it  down  into  the  neighbourhood  of  the  lying  plate  (see 
§  134,  &c  151,  &c). 

Here  we  see  the  whole  theory  of  Mr.  Volta'^s  oondensefi 
He  seems  to  have  obscured  his  conceptions  of  it  by  haviiig 
bis  thoughts  running  upon  the  electrophorus  lately  inventsd 
by  him,  and  is  led  into  fruitless  attempts  to  explain  the  ad- 
vantages of  the  imperfect  conductor  above  the  imperfect  in- 
sulator. But  the  ajqparatus  is  altogether  different  from  an 
electrophorus,  and  is  more  analogous  in  its  operations  to  a 
coated  pUite  not  charged  nor  insulated  on  the  opposite  ude ; 
and  such  a  coated  plate  lying  on  a  table  is  a  complete  con- 
denser, if  the  upper  coating  be  of  the  same  site  ynth  the 
plate  of  the  condenser*  All  ^  the  directions  given  by  Mr. 
Yolta  for  the  preparation  of  the  imperfect  conductors  shew, 
that  the  effect  produced  is  to  make  them  as  perfect  conduc- 
tors as  posable  for  any  degree  of  electricity  that  exceeds  a 
certain  small  intensity,  but  such  as  shall  not  suffer  this  very 
weak  electricity  to  clear  the  first  step  of  the  conduit.  The 
marble  must  be  thoroughly  dried,  and  even  heated  in  an 
oven,  and  either  used  in  this  warm  state,  or  varnished,  so 
as  to  prevent  the  reabsorption  of  moisture.  We  knbw  that 
marble  of  slender  dimensions,  so  as  to  be  completely  dried 
throughout,  will  not  conduct  till  it  has  agmn  become  moist 
A  thick  piece  of  marble  is  rendered  so,  superficially  only^ 
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and  still  conducts  internally.  It  is  then  in  the  best  possible 
state  The  same  may  be  said  of  dry  unbaked  wood  Var- 
nishing the  upper  sur&ce  of  a  piece  of  marble  or  wood  is 
equivalent  to  laying  a  thin  glass  plate  on  it.  Now  this  me- 
thody  or  covering  the  top  of  the  marble,  or  of  a  book,  or 
even  the  table,  witli  a  piece  of  dean  dry  »lk,  makes  them 
all  the  most  perfect  condensators.  This  just  view  of  the 
matter  has  great  advantages.  It  takes  away  the  mysterious 
indistinctness  and  obscurity  which  kept  the  instrument  a 
quackish  tool,  incapable  of  improvement.  We  can  now  make 
one  incomparably  better  and  more  simple  than  any  proposed 
by  the  very  ingenious  inventor.  We  need  only  the  simple 
moveable  plate.  Let  this  be  varnished  on  the  und^  side 
with  a  moderately  thick  coat  of  the  purest  and  hardest  «er- 
nu  de  Martin^  or  coach-painters  varnish ;  and  we  have  a 
complete  oondensator  by  laying  this ona  table.  If  it  becon- 
nected  by  a  wire  with  the  substance  in  which  the  weak  and 
imperceptible  electridty  is  excited,  it  will  be  nused  (provided 
there  be  enough  of  it  of  that  small  intensity)  in  the  propcMr* 
tion  of  the  thickness  of  the  varnish  to  the  fourth  part  of  the 
diameter  of  the  plate.  This  degree  of  condensation  will  be 
procured  by  detaching  the  connecting  wire  from  the  insulat- 
ing handle  of  the  condenser,  and  then  raismg  the  condenser 
from  the  table.  It  will  then  give  sparks,  though  the  origi* 
nal  electricity  could  not  9ensiUy  affect  a  flaxen  fibre. 

It  must  be  particulariy  noted,  that  it  can  produce  this 
condensatkin  only  when  there  is  fluid  to  condense ;  that  is, 
only  when  the  weak  electridty  is  diffused  over  a  greater 
space  than  the  plate  of  the  condenser.  In  this  way  it  is  a 
most  excellent  6ollector  of  the  lyeak  atmospheric  dectridty, 
and  of  all  diffused  electricity.  But  to  derive  the  same  ad* 
vantage  from  it  in  moity  very  interesting  caactj  such  as  the 
inquiry  into  the  electricity  excited  in  many  operations  of 
Nature  on  "maQ  quantities  of  matter,  we  must  have  con- 
densers of  vai  us  sizes,  some  not  larger  than  a  silver  penny. 
To  construct  these  in  perfection,  we  must  use  the  purest  and 
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« 

haidest  vmisli,  of  a  kind  not  apt  to  crack,  and  fai^ 

coetawe.     This  requires  experiment  to  ditoover  it. .  Spirit 

varnishes  are  the  most  coercive;  but  by  their  difference  of 

oontraction  by  cold  from  that  of  metals,  they  soon  appeir 

frosty,  and  when  viewed  through  a  lens,  they  appear  aft 

shivered :  They  are  then  useless.    Oil  varnishes  have  the 

requisite  toug^ess,  but  are  much  inferior  in  ooerdon.    Wt 

have  found  amber  varnish  inferior  to  copal  varnish  in  tbii 

respect,  contrary  to  our  expectation.     On  the  whole,  ve 

should  prefer  Uie  finest  ooach^painters  varnish,  new  fifOB 

the  shop»  into  which  a  pencil  has  never  been  dipped :  and 

we  must  be  particularly  careful  to  dear  our  pencils  of  moi* 

sture  and  all  conducting  matter,  which  never  fails  to  tsiat 

the  varnish.    We  scarcely  need  remark,  that  the  coat  of 

varnish  on  these  small  condensers  should  be  very  thi% 

otherwise  we  lose  aU  the  advantage  of  their  smidlness. 

201.  Mr.  Cavallo  has  ingeniously  improved  Volta*8  con* 
denser  by  connecting  the  moveable  plate,  after  removal^ 
with  a  smaller  condenser.  The  effect  of  this  is  evident 
from  §  ISO.  But  the  same  thing  would  have  been  gene- 
rally obtained  by  using  the  small  condenser  at  first,  or  by 
uung  a  still  thinner  coat  of  varnish. 

208.  It  will  readily  occur  to  the  reader,  that  this  instm* 
ment  is  not  instantaneous  in  its  operation,  and  that  the  ap* 
plication  must  be  continued  for  some  time,  in  order  to  cot 
lect  the  minute  electricity  which  may  be  excited  in  the 
operations  of  nature.  He  will  also  be  careful  that  the  ex- 
periment be  so  conducted  that  no  useless  acciunulaticm  is 
made  anywhere  else.  When  we  expect  electricity  from 
any  chemical  mixture,  it  never  should  be  made  in  a  ^ass 
vessel,  for  this  will  take  a  charge,  and  thus  may  absorb  the 
whole  excited  electricity,  accumulating  it  in  a  neutral  or  in- 
sensible state.  Let  the  mixture  be  made  in  vessels  of  a 
conducting  substance,  insulated  with  aslitde  contact  as  pos- 
sible with  the  insulating  support;  for  here  will  also  be 
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eomething  like  a  charge.     Suspend  it  by  silk  threads,  or  let 
it  rest  on  the  tops  of  three  glass  rods,  &c. 

203.  After  this  account  of  the  Lejrden  phial,  electropho^ 
rut,  and  condenser,  it  is  surely  unnecessary  to  employ 
any  time  ifl  erplaining  Mr.  Bennetts  most  ingenious  and  use> 
ful  instrument  called  the  doiubkr  of  cUctricUy.  The  explana- 
tion offers  itself  spontaneously  to  any  person  who  under- 
.^atands  what  has  bc«n  said  already.  Mr.  Cavallo  has  with 
industry  searched  out  all  its  imperfections,  and  has  done 
something  to  remove  them,  by  several  very  ingenious  con- 
structions, minutely  described  in  his  Treatise  on  Electri- 
dty.  Mr.  Bennetts  original  instrument  may  be  freed,  we 
imagine,  as  far  as  seems  possible,  by  using  a  plate  of  air 
as  the  intermedium  between  the  three  plates  of  the  doubler. 
Stack  on  one  of  the  plates  three  very  small  spherules  made 
from  a  capillary  tube  of  glass,  or  from  a  thread  of  sealing 
wax.  The  other  plate  bong  laid  on  them,  rests  on  mere 
pmnts,  and  can  scarcely  receive  any  friction  which  will  dis- 
turb the  experiment .  Mr.  Nieholson^s  beautiful  mechanism 
for  expediting  the  multiplication  has  the  inconveniency  of 
bringing  the  plates  towards  each  other  edgewise,  which  will 
bring  on  a  spark  or  communication  sooner  than  may  be  de- 
Ared :  but  this  is  no  inconvenience  whatever  in  any  philoso- 
phical research ;  because,  before  thb  happens,  the  electri- 
dty  has  become  very  distinguishable  as  to  its  kind,  and  the 
degree  of  multiplication  is  little  more  than  an  amusement 
The  spark  may  even  serve  to  give  an  indication  of  the  ori- 
ginal intennty,  by  means  of  the  number  of  turns  necessary 
for  produring  it  If  the  fine  wires,  which  f6rm  the  alter- 
nate connections  in  so  ingenious  a  manner,  could  be  tipped 
with  Kttle  balls  to  prevent  the  dissipation,  it  would  be  a 
great  improvement  indeed.  An  alternate  motion,  like  that 
of  a  pump-handle,  might  be  adopted  with  advantage.  This 
would  allow  the  plates  to  approach  each  other  face  to  face, 
and  admit  a  greater  multiplication,  if  thought  necessary. 
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304.  One  of  tlie  most  remarkable  facts  in  eleciridlyii 
the  rapid  dissipation  bj  sharp  pcnnts,  and  the  impoaaibifitj 
of  making  any  oonriderable  accumulation  in  a  body  which 
has  any  such,  progecting  beyond  other  parts  of  its  surfiKft 
The  dissipation  is  attended  with  many  remarkable  drciim- 
stanoes,  which  have  greatly  the  appearance  of  the  actuates* 
cape  of  some  material  substance.    A  stream  of  wind  bkiwi 
from  such  a  point,  and  quickly  electrifies  the  air  of  a  roon 
to  such  a  degree,  that  an  electrometer  in  the  farthest  eomcr 
of  the  room  is  affected  by  it.     This  dissipation  in  a  dvk 
place  is»  in  many  instances,  accompanied  by  a  bright  tnia 
of  light  diverging  from  the  point  like  a  firewcnk.  .  Dr. 
Franklin  therefore  was  very  anxious  to  reconcile  thia  S|^ 
pearanoe  with  his  theory  of  plus  and  minus  electricity,  hrt 
does  not  express  himself  well  satisfied  with  any  explanaiki 
which  had  occurred  to  hinu     From  the  beginning,  he  tfv 
that  he  could  not  consider  the  stream  of  wind  as  a  proof  of 
the  escape  of  the  electric  fluid,  because  the  same  stream  ii 
observed  to  issue  from  a  sharp  n^ative  point ;  which,  ac- 
cording to  his  theory,  is  not  dispersing,  but  absorbing  it 
Mr.  Cavendbh  has,  in  our  opnion,  given  the  first  satis- 
factory account  of  this  phenomena. 

905.  To  see  this  in  its  full  force,  the  phenomenon  itadf 
must  be  carefully  observed.  The  stream  of  wind  is  plain- 
ly produced  by  the  escape  of  something  from  the  point  it- 
self, which  hurries  the  air  along  with  it;  and  this  draws 
along  with  it  a  great  deal  of  the  surrounding  air,  especially 
from  behind,  in  the  same  manner  as  the  very  dender  thread 
of  air  from  a  blpw-pipe  hurries  along  with  it  the  surround- 
ing air  and  flame  from  a  considerable  surface  on  all  sides. 
It  is  in  this  manner  that  it  gathers  the  whole  of  a  large 
flame  into  one  mass,  and,  at  last  into  a  very  point.  If  the 
smoke  of  a  little  rosin  thrown  on  a  bit  of  £ve  coal  be  made 
to  rise  quietly  round  a  point  projecting  from  an  electrified 
body,  continually  supplied  from  an  electrical  machine,  the 
vortices  of  tbb  smoke  may  be  observed  to  curl  in  from  all 
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nUks,  akmg  the  wire^  forming  a  current  of  which  the  wire 
is  the  axis,  and  it  goes  €ff  completely  by  the  point  Bat  if 
ifae  wire  be  made  to  pass  through  a  cork  fixed  in  the  bot- 
tom of  a  wide  glass  tube,  and  if  its  point  project  not  be- 
yond the  mouth  of  the  tube,  the  afflux  of  the  air  from  be* 
hind  is  prevented,  and  we  have  no  stream ;  but  if  the  oork 
be  removed,  and  the  wire  still  occupy  the  axis  of  the  tube, 
but  without  touching  the  sides,  we  have  the  stream  very 
distinctly ;  and  smoke  which  rises  round  the  far  end  of  the 
tube  is  drawn  into  it,  and  goes  off  at  the  point  of  the  wire. 
Now  it  is  of  importance  to  ob^r\'e,  that  whatever  pve- 
vents  the  formation  of  this  stream  of  vrind  prsVehts  the  dia* 
sipation  of  electricity  (for  we  shall  not  say  escape  of  electric 
fluid)  from  the  point.  If  the  point  prcsgect  a  quarter  of  an 
inch  beycmd  the  tube,  or  if  the  tube  be  open  behind,  the 
stream  is  strong,  "and  the  dissipation  so  rapid,  that  even  a 
very  good  machine  is  not  able  to  raise  a  Henley^s  electrome*. 
ter,  standing  on  the  conductor,  a  very  few  degrees. '  If  the 
tube  be  sli{^)ed  forward,  so  that  the  point  is  just  even  with 
its  mouth,  the  dissipation  of  electricity  is  next  to  nothing, 
and  does  not  exceed  what  might  be  produced  by  such  air 
as  can  be  collected  by  a  superficial  point.  If  the  tube  be 
made  to  advance  half  an  inch  beyond  the  point  which  it 
surrounds,  the  dissipation  becomes  insenable.  All  these 
facts  put  it  bejtmd  a  doubt  that  the'air  is  the  cause,  or,  at 
least,  the  occasion  of  the  dissipation,  and  carries  the  elec- 
tricity off  with  it,  in  this  manner  rendering  electrical  the 
whole  air  of  a  room.  The  problem  is  reduced  to  explain 
how  the  air  contiguous  to  a  sharp  electrified  pcnnt  is  elec- 
trified and  thrown  off. 

It  was  demonstrated  in  §  1 30,  that  two  spheres,  connect- 
ed by  an  infinitely  extended,  but  slender  conducting  canal, 
are  in  electrical  equilibrium,  if  their  surfaces  contain  fluid  in 
the  proportion  of  their  diameters.  In  this  case,  the  super- 
fioal  density  of  the  fluid  and  its  tendency  to  escape  are  in- 
versely as  the  diameters  (  §  130)  Now  if,  in  imagination, 
we  graduaUy  diminish  the  diameter  of  one  of  the  spheres 
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the  tendency  to  escape  will  increase  in  a  greater  proportion 
than  any  that  we  can  name.  We  know,  that  when  the 
prime  conductor  of  a  powerful  table-machine  has  a  wire  of 
a  few  inches  in  length  projecting  from  its  end,  and  termi- 
nating in  a  hall  of  half  an  inch  in  diameter,  we  cannot  eleo* 
trify  it  beyond  a  certain  degree ;  ibr  when  arrived  at  this 
d^ree,  the  electricity  flies  off  in  successive  bursts  from  this 
balL  Being  much  more  overcharged  than  any  oth^  part 
of  the  body»  the  air  surrounding  the  ball  becomes  more 
overcharged  by  communication,  and  is  repelled,  and  its 
place  supplied  by  other  air,  not  so  much  overcharged,  which 
surrounded  ihc  other  parts  of  the  body,  and  is  pressed  £at^ 
wards  into  this  space  by  the  general  repulsion  of  the  con* 
ductor  and  the  confining  pressure  of  the  atmosphere ;  other- 
wise,  being  also  overcharged,  it  would  have  no  tendency  to ' 
come  to  this  place.  Half  a  turn  of  the  cylinder  is  suffident 
to  accumulate  to  a  degree  sufficient  for  producing  one  of 
these  explodons,  and  we  have  two  of  them  for  every  turn 
of  the  cylinder.  A  point  may  be  compared  to  an  incompa- 
rably smaller  ball.  The  constipation  of  the  fluid,  and  its 
tendency  to  escape,  must  be  greater  in  the  same  unmeasur« 
able  proportion.  This  density  and  mutual  repulsion  can- 
not be  diminished,  and  must  even  be  increased)  by  the  mat- 
ter of  the  wire  forming  a  cone,  of  which  the  pcnnt  is  the 
apex ;  therefore,  if  there  were  no  other  cause,  we  must  see 
that  it  is  almost  impossible  to  confine  a  collection  of  parti-i 
cles,  mutually  repelling,  and  constipated,  as  these  are  in  a 
fine  point. 

806.  But  thechief  cause  seems  to  beacertain chemical  union 
which  takes  place  between  the  electric  fluid  and  a  corres* 
ponding  ingredient  of  the  au-.  In  thb  state  of  constipation, 
ahnost  completely  surrounded  by  the  air,  the  little  mass  of 
fluid  must  attract  and  be  attracted  with  very  great  force, 
and  more  readily  overcome  the  force  which  keeps  the  elec^ 
tiified  fluid  attached  to  the  last  series  of  particles  of  the 
wire.     It  unites  with  the  air,  rendering  it  electric  in  the 
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highest  d^ree  of  redundancy.    It  is  therefore  strongly  re* 
pdied  by  the  mass  of  constipated  fluid  which  succeeds  it 
Within  the  point     Thus  is  the  electrified  air  continually 
thrown  off^,  in  a  state  of  electrification,  that  must  rapidly  di* 
minish  the  electricity  of  the  conductor.     Hence  the  unin* 
terrupted  flow^  without  noise  or  much  light,  when  the  point 
is  made  very  fine.     When  the  point  is  blunt,  a  little  accu* 
mulation  is  necessary  before  it  attains  the  degree  necessary 
for  even  this  minute  explosion  ;    but  this  is  soon  done,  and 
these  little  explosions  succeed  each  other  rapidly*  accompa- 
nied by  a  sputtering  noise,  and  trains  of  bright  sparks.  The 
noise  is  undoubtedly  owing  to  the  atoms  of  the  highly  elec- 
trified fluid.     These  are,  in  all  probability,  rarefied  of  a 
sudden,  in  the  act  of  electrification,  and  immediately  collapse 
again  in  the  act  of  chemical  union,  which  causes  a  sonorous 
agitation  of  the  air.     This  electrified  air  is  thus  thrown  ofi, 
and  its  place  is  immediately  supplied  by  air  from  behind, 
not  yet  electrified,  and  therefore  strongly  drawn  forward 
to   the  point,   from  which  it  is  thrown  off  in  its  turn. 
This  rapid  expansion  and  subsequent  collapsing  of  the  air 
is  verified  by  the  experiments  of  Mr.  Kinnersly,  related  by 
Dr.  Franklin,  and  is  seen  in  numberless  experiments  made 
with  other  views  in  later  times,  and  not  attended  to.    Per- 
haps it  is  produced  by  the  great  heat  which  accompanies^ 
or  is  generated  in  the  transference  of  electricity,  and  it  is  of 
the  same  kind  with  what  occasions  the  bursting  of  stones, 
splitting  of  trees,  exploding  of  metals,  &c.  by  electricity^ 
The  expansion  is  either  inconsiderable,  or  it  is  successively 
produced  in  very  small  portions  of  the  substance  expanded ; 
for  when  metal  is^  exploded  in  close  vessels,  or  under  water, 
there  is  but  a  minute  portion  of  gazeous  matter  produced ; 
and  in  the  dissipation  by  a  very  fine  point,  sufiiciently  great 
to  give  full  employment  to  a  powerful  machine,  the  stream 
of  wind  is  but  very  faint,  and  nine-tenths  of  this  has  been 
dragged  along  by  the  really  electrified  thread  of  wind  ia 
the  middle. 

VOL.  IV.  h 
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From  a  colklioia  of  all  the  appearances  of  electridtyi  ve 
must  form  the  same  ooDceptioo  of  the  forces  which  operate 
round  a  point  that  is  negatively  electrified,  not  diaperaog^ 
but  drawing  ia  electric  fluid.  It  is  more  completely  undsr- 
cliarged  than  any  other  part  of  a  bodyi  and  attracts  the  fluid 
in  the  surrounding  air,  and  the  air  in  which  it  is  retained^ 
with  incomparably  greater  ibroe.  It  therefore  deprives  the 
contiguous  air  of  iu  fluid,  and  then  repels  it,  and  then  pro* 
duces  a  stream  like  the  overcharged  prant. 

SOT.  If  a  conducting  body  be  brought  near  to  any  psrt 
of  an  overchaiged  body,  the  fronting  part  of  the  first  is  na* 
dered  underchaiiged ;   and  this  increases  the  charge  of  the 
opposite  part  of  the  overcharged  body.     It  becomes  man 
overcharged  in  that  part,  and  sooner  attains  tliat  degree  d 
cxmstipation  that  enables  the  fluid  to  quit  the  superficial  se^ 
ries  of  particles,  and  to  electrify  strongly  the  contiguous  ait 
The  exploMon  is  therefore  made  in  this  part  in  preference 
to  any  other;  and  the  air  thus  exploded  is  strongly  attraoU 
ed  by  the  fronting  part  <tf  the  other  body,  and  must  fly 
thither  in  preference  to  any  other  point     If,  moreover,  the 
fronting  part  of  A  be  prominent  or  pointed,  this  efiect  will 
be  produced  in  a  superior  degree ;  and  the  current  of  eleo* 
trified  air,  which  will  bejpn  very  early,  will  increase  this  dis> 
position  to  transference  in  this  way  by  rarefying  the  air ;  a 
change  which  the  whole  course  of  eleetric  phenomena  shews 
to  be  highly  favourable  to  tl\is  transference,  although  we  can- 
not perhaps  form  any  very  adequate  notion  how  it  contri- 
butes to  this  effect.     This  seems  to  be  the  reason  why  a 
great  explosion  and  snap,  with  a  copious  transference  of 
electricity,  is  generally  preceded  by  a  hissing  noise  like  the 
rushing  of  wind,  whicli  swells  to  a  maximum  in  the  loud 
snap  itsdf. 

208.  If  two  prominences,  precisely  similar,  and  electrified 
in  the  contrary  way  to  the  same  degree,  are  presented  to 
each  other,  we  cannot  say  from  which  tlie  current  should 
take  its  commencement,  or  whether  it  should  not  equally 
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begui  fiom  both,  and  a  general  dispersion  of  air  lateraUy  be 
the  eflbct ;  but  such  a  situation  is  barely  possible,  and  most 
be  iitf nitely  rare.  The  current  will  begin  from  the  side 
which  has  some  superiority  of  propeUing  force.  We  are 
disposed  to  think  that  this  current  of  material  electrified 
substance  must  suffer  great  change  during  its  passage,  by 
mixing  with  the  current  in  an  opposite  electrical  state  com* 
ing  from  the  other  body.  Any  little  mass  of  the  one  cur« 
rent  must  strongly  attract  a  contiguous  mass  of  the  other, 
and  obtain  changes  should  surely  arise  from  this  mixture. 
These  may,  in  their  turn,  make  a  great  change  in  the  meeha^ 
meat  motions  of  the  air ;  and,  insteadof  producing  a  quaqwa 
vertum  dispersicm  of  air  from  between  the  bodies,  as  should 
vesult  from  the  meeting  of  opposite  streams,  it  may  even 
produce  a  collapsing  of  the  m  by  the  mutual  strong  attni^ 
tions  of  the  litde  masses.  Many  valuable  experiments  of- 
fer themaelTes  to  the  curious  inqoiror.  T  wo  Kttle  balls  may 
be  thus  presented  to  each  other,  and  a  smoke  may  be  made 
with  ronn  to  occupy  the  interval  between  them.  Motions 
may  be  observed  which  have  certain  analogies  that  would 
afiord  useful  information  to  the  mechanical  inquirer.  There 
must  be  something  of  this  mixture  of  currents  in  all  such 
transferences,  and  the  most  minute  differences  in  the  condi- 
tion of  a  little  parcel  of  the  air  may  greatly  affect  the  fu- 
ture motions.  The  most  promising  form  of  such  experi- 
ment would  be  tb  use  two  points  of  the  same  substance, 
shape,  and  size,  and  electrified  to  the  same  degree  in  oppo- 
site^ senses. 

S09.  After  all  care  has  been  taken  to  insure  similarity, 
th«!e  remains  one  essential  difference,  that  the  one  current  is 
redundant  in  electric  fiuid^  and  the  other  deficient.  This  cir- 
eumstance  must  produce  characteristic  difcrences  of  appear- 
ance. And  are  there  not  such  differences  ?  Is  not  the  pen* 
cil  and  the  star  of  light  a  characteristic  difference  P  and  does 
not  this  well  supported  fact  greatly  corroborate  the  opinion 
of  Dr.  Franklin,  that  the  electric  phenomena  result  from 
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the  redimdaBcy  and  deficiency  of  one  substance^  alid  list 
from  two  distinct  substances  operating  in  a  similar  manner? 
For  the  distinction  in  appearance  is  a  mechanical  distinction^ 
Motion,  direction,  velocity,  are  perceivable  in  it,     Locomo* 
live  forces  are  concerned  in  it ;  but  they  are  so  implicat- 
ed with  forces  which  probably  resemble  chemical  affinities^ 
hardly  operating  beyond  contact,  that  to  extricate  their  e£> 
fects  from  the  complicated  phenomenon  seems  a  desperate 
proUero.      There  is  some  hitherto  inexplicable  chemical 
composition  and  decomposition  taking  place  in  the  traos* 
ference  of  electricity.     Of  this  a  numerous  train  of  observar 
tions  made  since  the  dawn  of  the  pneumatic  chemistry  leaves 
us  no  room  to  doubt     The  emersion  or  production  of  light 
and  heat  is  a  remarkabe  sign  and  proof.    Now  this  takes  place 
along  the  whole  path  of  transference ;  therefore  the  process  is 
by  no  means  completed  at  the  point  from  which  the  active 
cause  proceeds ;  and  although  there  be  certun  appearances 
that  are  pretty  regular,  they  are  still  mixed  with  others  of 
the  most  capricious  anomaly.     The  zigzag  form  of  the  most 
condensed  spark,  totally  unlike,  by  its  sharp  angles,  to  any 
motions  producible  by  accelerating  forces,  which  motions 
are,  without  exception,  curvilLneal,  makes  us  doubt  exceed- 
ingly whether  the  luminous  lines  which  we  observe  are  suc- 
cessive appearances  of  the  same  matter  in  different  places, 
or  whether  they  be  not  rather  simultaneous,  or  nearly  a- 
multaneous,  coruscations  of  different  parcels  of  matter  in 
different  places,    indicating  chemical  compositions  taking 
place  almost  at  once ;    and  this  becomes  more  probable, 
when  we  reflect  on  what  has  been  said  already  of  the  jum- 
bling of  opposite  currents ;  such  mixtures  should  be  expect- 
ed.    We  have  seen  a  darted  flash  of  lightning  which  reach- 
ed (in  a  direction  nearly  parallel  to  the  horizon)  above 
three  miles  from  right  to  left ;  and  it  seemed  to  us  /o  6e  co- 
existent ;  we  could  not  say  at  which  end  it  began.     The 
thunder  began  with  a  loud  crack,  and  continued  with  a 
most  irregular  rumbling  noise  about  15  seconds,  and  seem- 
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tinpi  on  both  hands.    We  imagine  that  it  was  really  a 
fiiaftooeou^  snap,  in  the  whole  extent  of  the  spark,  but  of 
ctterent  strength  in  different  places ;  different  portions  of 
tk  amorous  agitation  were  projiagated  to  the  ear  in  succe^ 
WD  by  the  sonorous  undulationsof  air,  causing  it  to  seem  a 
'ogthened  sound.     Such  would  be  the  appearance  to  a  per- 
son standing  at  one  end  of  a  long  line  of  soldiers  who  dis- 
duttge  their  firelocks  at  one  instant     It  will  seem  a  run- 
^^g  fire,  of  different  strength  in  different  parts  of  the  line, 
^  the  musfcota  hare  been  unequally  loaded.     It  is  incoo* 
ceivable  that  this  kmg  zigxag  spark  can  mark  the  track  of 
>n  indiridua/  mass  of  electrified  air.     The  velocitj  and  mo* 
Aeotuin  would  be  enormous,  and  would  sweep  off  ereiy 
^Uog  in  its  way,  and  its  path  could  not  be  angular.    The 
^'nie  must  be  asserted  of  the  streams  of  light  in  our  experi- 
Btcnts.    The  velocity  is  so  unroeasurable  that  we  cannot 
tell  its  direction.     There  may  be  very  Wttle  local  motion, 
just  as  m  the  propagation  of  sound,  or  of  a  wave  on  the 
surface  of  water.      That   particular  change    of  mutual 
situation  among  the  adjoining  atoms  which  occasions  chemi- 
cal solution  or  precipitation  may  be  produced  in  au  instant, 
over  a  great  extent,  as  we  know  that  a  parcel  of  iron  filings, 
lying  at  random  on  the  surface  of  quicksilver,  will,  in  one 
instant,  be  arranged  in  a  certain  manner  by  the  mere  neigh- 
hourhood  of  a  magnet.     Is  not  this  like  the  simultaneous 
predpitation  of  water  along  the  whole  path  of  a  discharge  ? 
But  still  there  must  be  some  cause  which  gives  these  a- 
multaneous  coruscations  a  situation  with  respect  to  each 
other,  that  has  a  certain  regularity.     Now  the  luminous 
trains  (for  they  are  not  uniform  lines  of  light)  of  almost  con- 
&UOUS  sparks  which  are  arranged  between  a  positive  and  a 
negative  point,  seem  to  us  to  indicate  emanation  from  the 
positive,  and  reception  by  the  negative  point.     The  general 
line  has  a  considerable  resemblance  to  the  path  of  a  body 
jprcjected  from  the  positive  point,  repelled  by  it,  and  attracts 
^  by  the  negative  point.    This  will  appear  to  the  mechar 
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nidtn  OB  •  Tvy  little  reflectioit  If  the  curve  W€ge  finw|iliii 

ly  Tisihlc^  it  would  somewhat  resemble  those  drawn  betw< 

PandNinFlatell.  fig.  11.    PABN  ovetpMses  the 

N,  ttid  comes  to  it  from  behipd ;  PabU  lies  within  Ae 

other^  end  arriTes  in  a  dikectioa  nearly  perpmdicular  to  ihi 

axis;  P« ^  N  describes  a  straight  line,  and  arrives  in  the 

direction  PN.    As  the  dieniical  compoHtion  advances,  the    • 

light  b  disengaged  or  produced,  and  therefore  the  appeVi 

anoes  are  more  rare  as  we  advance  farther  in  the  diredka 

in  which  they  are  produced ;   and  Ihere  would  perhsps  be 

no  ^ipearanoe  at  sll  at  the  point  where  the  motion  tsofk, 

were  it  not  that  the  few  lemaining  parcels,  where  the  cosi- 

positions  or  decompositions  have  not  been  completed,  sse 

crowded  together  at  the  negative  point,  iaemmparably  mctt 

Aaa  in  any  other  part  of  the  track.    We  think  that  thcB 

amisideniti<»s  offer  some  explanation  of  the  appearance  d 

the  pencil  and  star,  whidi  are  so  uniformly  characteristic  of 

the  positive  and  negative  dectricities ;  but  we  see  maaj 

grounds  of  uncertainty  and  doubt,  and  offer  it  ^th  due  US- 

fidence* 

810.  The  curious  figures  observed  by  Mr.  Lichtenbeig^ 
fisrmed  by  the  dust  which  settles  on  a  line  drown  on  the  hct 
of  a  mirror,  by  the  positive  and  by  the  negative  knobs  (tf  a 
charged  jar,  are  also  uniformly  characteristic  of  the  two  deo> 
tricities.  These  are  mechanical  distinctions,  indicating  cer- 
tain differences  of  accelerating  forces.  We  must  refer  the 
curious  reader  to  Lichtenberg^s  Dissertations  in  the  GWin- 
gen  CommaUaries ;  to  the  Publication  of  the  Harkm  Sode^ ; 
to  the  Goiha  Magazint ;  toDtstertoiiont  ty  Spath  at  Altdoffff, 
and  other  Grerman  writers*. 

811.  It  only  remains  for  us  to  take  notice  of  the  general 
laws  of  the  dissipation  of  electridty  into  the  air,  and  along 
imperfect  insulators.  On  this  subject  we  have  some  valuahk 


*  An  account  of  Licbtenberg's  and  of  Bennet's  experioieuts  on  these  coofl- 
Surationfl>  will  be  found  in  tbc  Esivivacn  ExcTCtarAnA^  ^L  VIII.  p.  496,  'S. 
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catperiflWDts  of  Mr.  Coulomb,  pubKshed  in  the  Memoirs  of 
the  AoBdem J  of  Sciences  of  Paris  for  1 79S. 

The  general  result  of  Mr.  Coulomb's  experiments  was, 
dial  the  momentary  dissipation  of  moderate  degrees  of  eleo* 
tricity  is  proportional  to  the  degree  of  electricity  at  the  mo* 
ment.  He  found'that  the  dissipation  is  not  sensibly  affect 
ed  by  the  state  of  the  barometer  or  thermometer ;  nor  it 
there  any  sensible  difierence  in  bodies  of  different  rites  or 
different  substances,  or  even  different  figures,  provided  that 
the  electricity  is  very  weak. 

21 S.  But  he  found  the  dissipation  greatly  affected  by  the 
jfifferent  states  of  humidity  of  the  air.  Saussure'^s  hygro^ 
meter  has  its  scale  distinctly  related  to  the  quantity  of  water 
£s8ohed  in  a  cubic  foot  of  the  air.  The  following  httle 
table  shews  an  evident  relation  to  thb  in  the  disripailon  of 
electricity: 


Hygrometer*  GraniB  water  in  Diitipatioa  ptr 

cobic  foot.  minuttt. 

69  •       •        •        •    6^197     •         •         •        ^* 

#5      •       •        •         •     T>2y«J  •  •  •      J)nr* 

80  .  •  •     S^045     •  .  •  A* 

Of  I  •  •  ^jZXl  •  •  •        in* 

Hence  it  follows,  that  the  dissipadon  is  very  neariy  in 
the  triplicate  ratio  of  the  moisture  of  the  air.     Thus  if 

7  1 971"* 
^  be  oonsideredas  =  / '^      we  have  m  =.  S«76. 


60  .         ,  -   9>221 

6,180 


m 


gives      m  =  3>6l* 


Hence,  at  a  medium,  m  =  3,04. 

We  should  have  observed,  that  the  ingenious  author  took 
care  to  separate  this  dissipation  by  imme<Kate  contact 
the  air,  from  what  was  occasioned  by  the  imperfect 
tion  afforded  by  the  supports. 


21SL  It  Bost  also  be  remarked  bere^  that  the  immednt^ 
olgecC  of  observation  in  the  experiments  is  the  diminatiosa 
of  repulsion.    This  is  found  to  be,  in  any  given  state  of  the 
air,  a  certain  propcxtion  of  the  whole  repulsion  at  the  mo- 
Bient  of  diminution :  but  th'u  is  double  of  the  proportion  of 
the  density  of  the  electric  fluid ;  for  it  must  be  recollected, 
that  the  repulsions  by  iriuch  we  judge  of  the  dissipation  are 
nutual,  exerted  by  every  particle  of  fluid  in  the  ball  t  of 
Coulomb^s  electrometer,  on  every  particle  in  the  ball  a.   It 
is  therefore  proportional  to  the  electric  deqsity  of  each ;  and 
therefore^  during  the  whole  dissipation,  the  densities  retun 
their  primitive  proportion ;  therefore,  the  diminution  of  the 
icpulsion  being  as  the  diminution  of  the  products  of  the  den^ 
aitici,  it  is  as  the  diminution  of  the  squares  of  either.     l£ 
therefore  the  denuty  be  represented  by  d,  the  mutual  repul^ 
•ion  is  representable  by  d',  and  its  momentary  diniinution  by 

diefluxionofd*;tbatiBby8dc(,orScixd.  Now2dxil 

istod*as2di8tod;  and  therefore  the  diminution  of ie> 
pulsion  observed  in  our  experiment  bears  to  the  whole  re- 
pulsion twice  as  great  a  proportion  as  the  diminution  of  den- 
sity, or  the  quantity  of  fluid  dissipated,  bears  to  the  whole 
quantity  at  the  moment  For  example,  if  we  observe  the 
repulsion  diminished  ^,  we  conclude  that  -^V  of  the  fluid 
has  escaped. 

814.  Mr.  Coulomb  has  not  examined  the  proportion  be- 
tween the  dissipations  from  bodies  of  diflerent  sizes.  A  great 
and  a  small  sphere,  communicating  by  a  very  long  canal, 
have  superficial  densities,  and  tendencies  to  escape,  inverse- 
ly proportional  to  the  diameters.  A  body  of  twice  the  dia- 
meter has  four  times  the  surface ;  and  though  the  tendency 
to  escape  be  twice  as  small,  the  surface  is  four  times  as  great 
Perhaps  the  greater  surface  may  compensate  for  the  smaller 
density,  and  the  quantity  of  fluid  actually  gone  ofl^  may  be 
greater  in  a  large  sphere.  This  may  be  made  the  subject  (|f 
trial 
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%15.  It  must  be  kept  in  mind,  that  the  law  of  dissipation 
ascertained  by  these  experiments,  relates  to  one  given  state 
«f  the  air,  and  that  it  does  not  follow  that  in  another  state, 
containing  perhaps  the  same  quantity  of  water,  the  dissipa- 
tion shall  be  the  same.  -  The  sir  is  such  a  heterogeneous 
and  variable  compound  that  it  may  have  very  different  af- 
finities with  the  electric  fluid.  Mr.  Coulomb  thought  that  he 
should  infer  from  his  numerous  experiments,  that  the  dissi- 
pation did  not  increase  in  the  ratio  of  the  cube  of  the  water 
dissolved  in  the  air,  unless  it  was  nearly  as  much  as  it  could 
dissolve  in  that  temperature.  This  indeed  is  conformable 
to  general  observation :  for  air  is  thought  dry  when  it  dries 
quickly  any  thing  exposed  to  it ;  tl»t  is,  when  not  nearly 
saturated  with  mmture.  Now  it  is  well  known,  that  what 
is  thought  dry  air  is  favourable  to  electricity*. 

816.  The  dissipation  along  imperfect  insulators  is  brought 
about  in  a  way  somewhat  different  from  the  manner  of  its 
escapmg  by  electriiying  the  contiguous  air  and  going  off 
with  it  It  seems  to  be  chiefly,  if  not  solely,  along  the  sur- 
face of  die  insulating  support  that  the  electricity  is  difluscd, 
and  that  the  diffusion  is  produced  there  chiefly  by  the  mois* 
ture  which  adheres  to  it  It  is  not  very  easy  to  form  a  clear 
notion  of  the  manner,  but  Mr.  Coulomb^s  explanation  seems 
as  satisfactory  as  any  we  have  seen. 

Water  adheres  to  all  bodies,  sticking  to  their  surfaces. 
This  adhesion  prevents  it  from  going  off  when  electrified ; 
and  it  is  therefore  susceptible  of  a  higher  degree  of  electri* 
fication.  If  we  suppose  that  the  particles  of  moisture  are 
uniformly  disposed  along  the  surface,  leaving  spaces  between 
them,  the  electricity  communicated  to  one  particle  must  at* 
tain  a  certain  density  before  it  can  fly  across  the  insulating 
interval  to  the  next  Therefore,  when  such  an  imperfect 
conductor  is  electrified  at  one  end,  the  electricity,  in  passing 

*  The  fullest  account  of  thes«  valaable  experiments  of  Coulomb  that  has 
been  given  in  our  language,  will  be  fbond  in  the  EfiNBVBca  Evcyciotmdia,  voi 


to  the  otfaeTy  will  be  weakened  at  evory  j»tep.  If  we 
thiee  adjaoent  particles  c»  6,  c,  of  thisoonduotiiig  mattei 
learot  fitom  $  105,  that  the  motion  of  &  is  sensibly  affi 
only  by  the  diffecence  of  a  and  c ;  and  therefore  thai 
passage  of  electiidty  from  6  toe  requires  that  this  differ 
be  superior  or  equal  to  the  force  necessary  for  clearing 
coercive  interval  Let  a  particle  pass  over.  The  elf 
density  of  the  particle  b  <tf  conducting  matter  is  diminii 
while  the  density  of  the  particle  on  the  other  side  of 
mains  as  befbra  Therefore  some  will  pass  from  a  to  i 
from  die  particle  preceding  a  to  a,  and  ao  on*  till  we  • 
to  the  electrified  end  of  this  imperfect  insulator.  It  is 
from  this  eonsiderationt  that  we  must  arrive  at  last  at  s 
ticfe  beyond  c,  where  the  whole  repuMcm  of  the  prea 
particle  is  just  suffideot  to  dear  this  interval.  Somt 
cdDoe  over,  whose  repuluon,  now  aotii^  an  the  oppoait 
rection,  will  hinder  any  fluid  from  suppljringitspboe  i 
particle  whidi  it  has  quitted.  Here  the  transferenoi 
stop,  and  beyond  this  the  insulation  is  complete.  Th 
therefixe  a  mathemaUcai  relation  between  the  insu] 
power  and  the  length  of  the  canal,  which  may  be  ascei 
ed  by  our  theory ;  and  thus  another  ofqportunity  obt 
for  comparing  it  wifli  observation;  That  this  investij 
may  be  as  simple  as  possible,  we  may  take  a  very  pro 
case,  namdy,  where  the  insulatmg.  Or,  to  name  it  more 
phically,  the  coercive^  interval  is  equal  in  every  part  c 
canal. 

817.  Let  R  be  the  coerdve  power  of  the  insulator ; 
is,  let  R  be  the  force  necessary  for  clearing  the  coerci^ 
terval.  Let  a  ball  C  (Plate  II.  fig.  12.)  be  suspend 
a  silk  thread  AB,  and  let  C  represent  the  quantity  of  i 
dundant  fluid ;  and  let  the  density  in  the  different  poi 
the  canal  be  as  the  ordinates  AD,  P  i2,  &c.  of  some  < 
line  D  d  B,  which  cuts  the  axis  in  B  where  the  thres 
gins  to  insulate  completely.  Let  P  p  be  an  element  c 
axis.  Draw  the  ordinate  pf,  the  tangent  df  F,  and  th< 


m 

audtfJE^and/e  perpendicular  to  Pd  Let  AC  be  r:  r,  AP 

—  •^'*^=:Jf- Then  Pjp  =  i,  and  de=—y.  Wehaveseen, 
dttt  the  odIj  sensible  action  on  the  particle  of  fluid  in  P  is 

«*  '7-(see  §  106),  when  the  action  of  the  redundant  fluid  in 

X 

the  globe  on  the  particle  P  haTing  the  dennty  y^  is  r^re- 

C  V 

■«tedliy  >y.  I  ^y*  TherefcMre  we  have  "^nR,  Ac  coer- 
cive power  of  the  thread.    This  is  supposed  to  be  constant 

^.       .      Pdxde 

Tnerefore  — ^ —  is  equal  to  some  constant  line  R.    But 

P  p,  or/e :  de  =  Fd:  PE.  Therefore  the  subnormal  PE 
is  a  constant  line.  But  this  is  the  property  of  the  parabola 
alone;  and  the  curve  of  density  D  d  B  is  a  parabola,  of  which 
the  parameter  is  2  PE,  or  2  R. 

218.^-Cor.  1.  The  densities  in  different  points  of  an  im- 
perfect insulator  are  as  the  square  roots  of  their  distance 
from  the  point  of  complete  insulation  :  For  P  d* :  AD^  = 
BP:  BA. 

219.—* 2.  The  length  of  canal  required  for  insulating 

different  densities  of  electricity  are  as  the  squares  of  the  den- 

AD» 
aties.     For  AB  =r  gpg  ;  and  PE  has  been  shown  to  be  a 

constant  quantity.  Indeed  we  see  in  the  demonstration,  that 

BP  would  insulate  a  ball,  whose  electric  density  is  P  d,  and 

BA  :     BP  AD^  :  ¥d\ 

220.— 3.  The  length  necessary  for  insulation  Is  inversely  as 

the  coercive  force  of  the  canal,  and  may  be  represented  gene* 

D*  DA*      D» 

laUyby^.    ForABi8=:gpg-  gg- 

Mr.  Coulomb  has  verified  tiiese  conclusions  by  a  very  sa- 
tisfiictory  series  of  experiments,  by  the  assistance  of  his  de* 
licate  electrometer,  which  is  admirably  suited  for  this  trial. 
The  subject  is  so  interesting  to  every  zealous  student  of  clec- 
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tridty,  Ihat  Hr.  Cuitoo,  Dr.  B.  Wilson,  Mr.  Waitz, 
and  othersi  have  made  experiments  for  establishing 
measure  of  the  conducting  powers  of  different  substaDoei. 
It  was  one  of  the  first  things  that  made  the  writer  of  this 
article  suppose  that  electric  action  was  in  the  inverse  dup- 
licate ratio  of  the  distance^ :  for^  a$  ^rly  as  1763,  he  had 
found,  that  the  lengths  of  capillary  tubes  necessary  for  in- 
sulation were  as  the  squares  of  the  repulsions  of  tfie  bill 
which  they  insulated.  The  mode  of  reasoning  offers  of  itself 
and  the  fluxionaxy  expression  of  the  insulating  power,  m* 

iL-^  led  immediately  to  a  force  proportional  to  --r*  Num^ 

X 

rous  experiments  were  made,  which  we  do  not  give  here,  be- 
cause the  public  are  already  possessed  of  those  of  Mr.  Co\i^ 
lomb. 

This  discusfflon  explains,  in  a  satis&ctory  nxanner,  the  opar 
ration  of  the  condenser^  as  described  by  Mr.  Volta.  The 
weak  degrees  of  electricity^  which  are  rendered  sufficiently 
sensible  by  the  insulation  of  the  plate  of  dry  marble,  are 
completely  insulated  by  the  perhaps  thin  stratum  that  has 
been  sufficiently  dried,  while  the  rest  conducts  with  an  effi- 
cacy sufficient  for  permitting  the  accumulation. 

2S1.  When  we  reflect  on  the  theory  now  deliveredt  we 
see  that  the  formulae  determine  the  distribution  of  the  fluid 
along  an  imperfect  conductor  in  a  certain  manner,  on  the  supr 
position  that  a  certain  determinate  dose  has  been  imparted  to 
the  ball :  Because  this  dose,  by  diffusing  itself  from  particle  to 
particle  of  the  conducting  matter,  will  diffuse  itself  all  the  way 
to  B,  in  such  a  manner  that  the  repulsion  shall  everywhere  be 
in  equilibrio  with  the  maximum  of  the  ooerciye  force  of  the  in- 
sulating interval.  But  it  must  be  farther  noticed,  that  this  re- 
sistance is  not  active^  but  coercitive,  and  we  may  compare  it 
to  friction  or  viscidity.  Any  repulsion  of  electric  fluid,  which 
falls  short  of  this,  wUl  not  disturb  the  stability  of  the  fluid 
spread  along  the  canal,  according  to  any  law  whatever.    Sq 
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IttKAD  rtpKtent  the  electric  denuty  of  the  globe^  and 

.:l|iia  eomtaiit,  any  curve  of  deiunty  will  answer^  if  -^  be 

"  y  * 

iitlywlieie  km  than  R.  It  is  therefore  an  indeterminate 
fnUem  to  aangn,  in  general,  the  disposition  of  fluid  in  the 
cad.  The  denahjr  is  as  the  ordinates  of  a  parabola  only  on 
Ae  suppoBitkm  that  the  maximum  of  R  is  everywhere  the 
Moe.    Andy  in  this  case,  the  distance  AB  is  a  minimum : 

dk 
htf  in  olber  cani  of  dennty,  we  must  have  •.-  less  than  R. 

X 

'  I(  tfcmfiiic^  we  vary  a  single  element  of  the  curve  DdB^ 
rncrier  that  the  staUlity  of  the  fluid  may  notbedisturbedy 

hiiq(  i  eooatanty  we  must  necessarily  have  x  larger,  that 
'^majr  atiU  be  less  than  R ;  that  is^  we  must  lengthen  the 

We  see  alKH  ^^^  to  ascertain  the  distribution  in  a  oon« 
dneting  canal  is  a  detasunate  problem ;  whereas,  in  imper« 
feet  eondactdnii  it  is  indeterminate,  but  limited  by  the  state 
•(  the  iluidy  iriien  it  is  so  disposed  that  in  every  point  the 
icdoii  of  the  fliud  is  in  equilibrio  with  the  maximum  of  re- 
Mtance.  This  eon&deration  will  be  applied  to  a  valuable 
porpoae  in  the  article  Magnetism. 

fBti.  This  doctrine  gives,  in  our  opinion,  a  very  satisfac- 
toij  rxplanatioii  of  the  curious  observations  of  Mr.  Brookes 
nd  Mr.  Cuthbertson,  mentioned  in  §  167,  namely,  that 
dampqg  the  inside  of  a  coated  jar  diminishes  the  risk  of  ex- 
plodfliiy  and  enables  it  to  hold  a  higher  charge.  We  learn 
here^  that  there  is  no  density  so  great  but  that  the  least  imper- 
fect ooodnctar  will  insulate  it,  if  long  enough  ;  and  that  the 
cogtive  quality  of  an  imperfect  conductor  may  be  conceived 
so  constituted  from  A  towards  B,  that  the  densities  shall  di- 
niuih'iii  any  ratio  that  we  {dease,  so  that  the  variation  of  den- 
Ay  (the  ceiise  of  motion)  may  everywhere,  even  to  the  insulnt- 
ii^J»ilitB»  be  very  small.  However  great  the  constipation 
9t  the  edge  of  the  metallic  coating  may  be,  an  imperfect  con- 
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doctor  maybe  continued  outward  from  that  edge^  and  mqrW 
«oconstituted,  thattheconstipation  shall  dinunish  by  sodigoi- 
tle  gradations,  that  an  explosion  shall  be  impossible.  Anunip 
form  dampness  ^11  not  do  this,  but  it  will  diminish  theal^ 
ruptnesa  of  the  Tariatbn  of  dennty.  The  state  of  dens^  bs» 
yond  the  edge  of  the  coating  of  a  charged  jar,  very  dm 
and  dry,  may  be  represented  by  the  parabolic  arch  D  i& 
This  may  be  dianged  by  damping,  or  properly  dirtying  0D 
use  Mr.  Brookes^  phrase),  to  D  /  B ;  which  is  eyidoidy 
preferable.  We  think  it  by  no  means  difficult  to  ooDtme 
such  a  continuation  of  imperfectly  conducting  coating.  Thui^ 
if  gold  leaf  can  be  ground  to  an  impalpable  powder,  it  ni^ 
be  mixed  with  an  oil  varnish  in  various  proportions  ZoiMa 
of  this  gold  varnish  may  be  drawn  parallel  to  the  edge  iif 
the  coating,  decrea^g  in  metal  as  they  recede  from  the  edg^ 
By  such  contrivances  it  may  be  possible  to  increase  the  » 
tentive  power  to  a  great  degree. 

223.  This  doctrine  finrther  teaches  us^  that  many  pnoin- 
tions  must  be  taken  when  we  are  making  experiments  ftm 
which  measures  are  to  be  deduced ;  and  it  points  them  oat 
to  the  mathematician.  In  particular,  when  bodies,  support- 
ed by  insulators,  are  electrified  to  a  high  degree,  the  sup 
ports  may  receive  a  quantity  of  fluid,  which  may  greatly  dis- 
turb the  results ;  and  this  quantity,  by  exerting  but  a  weak 
action  on  the  parts  of  the  canal,  may  continue  for  a  very  long 
time,  and  not  be  removed  but  with  great  difficulty.  In  sudi 
cases,  it^  will  be  necessary  to  use  new  supports  in  eveiy  ex- 
periment. From  not  knowing,  or  not  attending  to  this  cir- 
cumstance, many  erroneous  opinions  have  been  formed  in 
some  delicate  departments  of  electrical  research. 

Mr.  Coulomb^s  experiments  on  this  subject  are  chiefly  va- 
luable for  having  stated  the  relation  between  the.  intensity 
of  the  electricity,  or,  as  he  expresses  it,  the  electric  density, 
and  the  lengths  of  support  necessary  for  the  complete  insu- 
lation. But,  as  the  absolute  intendties  liave  all  been  mea- 
sured by  his  electrometer,  and  he  has  not  given  its  partica- 
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scal^  we  cannot  make  much  use  of  tbon  tiU  ihW  be  done 
tome  electricmn. 

884.  Mr.  Coulomb  foundi  tbat  a  thread  of  gum  ke  was 
tie  most  pei^t  of  all  insulators,  and  is  not  lets  than  ten 
times  better  than  a  silk  thread  as  dry  as  it  can  be  nade,  if 
K  measure  its  excellence  hy  its  ebortoess.  In  a  conuder- 
ibie  Dumber  of  experiments,  he  found  that  a  thread  of  gum 
]ic,cf  1,5  inches  long,  insulated  as  well  as  a  fine  sUk  thread 
of  15  inches.  When  the  thread  of  silk  was  dipped  in  fine 
Kaling  was,  it  was  equal  to  the  pure  lac,  if  us  inches  long, 
or  four  times  its  length.  If  we  measure  their  excellence  by 
tbe  inleasities  with  which  they  insulate,  he  is  three  times 
better  than  the  dry  thread,  and  twice  as  good  as  tbe  thread 
igpei  ia  seolii^  wax  '■  so  that  a  fibre  of  nik,  even  When 
JDcluded  in  the  lac»  diminishes  its  insulating  power.  We 
4b  lauu,  Owt  tha  duatpation  along  these  substances  ia 
iot  ob&nAj  omg  to  BKmture  condensed  or  adherent  on 
%at  to  a  mall  degree  of  conducting  power. 
W*  humifftltai  aa^oT  tbeae  experiments,  and  find  that 
■iibmvmimlitgfomKivik  thread  depends  greatly  on  its 
.af»fariIliaotwhite,orif  black,  itsoonducC-' 
iw  tka  peatest,  and  a  higb  golden  yeDow, 
VtaJMl  hww^  swiid  to  be  the  best  insulators ;  donbtlen 
J|b  jjyiiwg  ifcug  » i*  wudi  eoncemed  as  the  fibre. 
V-  6fai^«Mn»itl  drywt  state,  and  is  situations  where 
IplNiBH  cnold  have  no  aoeete  to  it,  vix.  in  vessels  contnn- 
idkafi  diiad  by  red  beat,  or  holding  fresh  made 
lyfiwad-  in  oor  experiments  to  be  considerably 
where  drawn  into  a  riender  thread,  and' 
gam  be  (melted),  insulated  when  three  times 
>«-tlwcad  of  lac ;  but  we  found  at  the  same  time, 
0mm»  fiMMM  wafr  necessary,  and  that  it  (£sapated 
4m  •qUN'of  its  diametec  It  was  remark- 
4^  i^ut  liy  Iwnag  a  bore^  however  fine,  unless  the  bore 
MirillabA-lM-OMted  with  lab  Human  bur,  when  comi^ete. 
)ftg^  ftWiVeTCry  tlwig>thiit  water  could  wasli  ont  of  it. 
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and  tblen  dried  by  lime,  and  coated  with  lac,  was  ecfoal  (^ 
ulk.  Fir,  and  cedar,  hnd  larch,  and  the  rose-tree,  when  spEt 
into  filaments,  and  first  dried  by  lime,  and  afterwards  baked 
in  an  oven  which  just  made  paper  become  faintly  browflt 
seemed  hardly  inferior  to  gum  lac 

The  n^iie  tvoodt,  as  they  are  called,  and  mahogany,  wen 
much  inferiior.  Fir  baked,  and  coated  with  melted  lac^  seems 
therefore  the  best  support  when  strength  is  required.  Th0 
lac  may  be  rendered  less  brittle  by  a  minute  portion  of  pure 
turpentine,  which  has  been  cleared  of  water  by  a  little  boil* 
ing,  without  senubly  increasing  its  conducting  power.  Lsc^ 
or  sealing  wax,  dissolved  in  spirits,  is  far  inferior  to  its  liquid 
state  by  heat 

These  observations  may  be  of  use  for  the  construction  dt 
electrical  machines  of  other  electrics  than  glass. 


We  have  now  given  a  comparison  of  the  hypothesis  of 
Mr.  iEpinus  with  the  chief  facts  observed  in  electricity,  di- 
versified by  every  circumstance  that  seemed  likely  to  infls- 
ence  the  result,  or  which  is  of  importance  to  be  known.  We 
trust  that  the  reraer  will  agree  with  us  in  saying  that  the 
agreement  is  as  complete  as  can  be  expected  in  a  theory  of 
this  kind ;  and  that  the  application  not  only  seems  to  ex- 
plain the  phenomena,  but  is  practically  useful  for  directing 
us  to  the  procedures  which  are  likely  to  produce  the  efiect 
we  wish.  Thus,  should  our  physiological  opiniofis  suggest 
that  copious  transference  of  fluid  is  proper,  our  hypothesis 
points  out  the  most  efiectual  and  the  most  convenient  me* 
thods  for  producing  it.  We  learn  how  to  constipate  the 
fluid  in  a  quiescent  state,  or  how  to  abstract  as  much  of  it 
as  possible  from  any  part  of  a  patient ;  we  can  do  this  even 
in  the  internal  parts  of  the  body.  We  had  once  an  oppor- 
tunity of  seeing  what  we  thought  the  cure  of  a  paralysis  of 
the  gullet.    Electricity  was  tried,  first  in  the  way  of  sparks^ 
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m  amall  shocks  taken  across  the  trachea.  These  could 
(tttt  tolerated  by  the  patient.  The  surgeon  wished  to  give 
itlbodc  to  the  cesophagus  without  affeciing  the  trachea.  We 
■ODimended  a  leaden  pistol  bullet  at  the  end  of  a  strong 
(ne,  the  whole  dipped  in  melted  sealing  wax.  This  was 
Btnduced  a  Utile  way,  we  think  not  more  than  three  inches, 
the  gullet,  which  llie  palsy  permitted.  A  very  sHght 
4a^  was  given  to  it  in  a  few  seconds ;  and  the  first  shock 
I  produced  a  convulsion  in  the  muscle,  and  the  second  remov- 
jedthe  disorder  completely.  Here  the  ball  formed  the  inner, 
'  wd  the  gullet  ihe  outer,  coating  of  the  little  Leyden  phial. 
Notwithstanding  the  flattering  testimony  given  by  the 
Pist  conformity  of  this  doctrine  with  the  phenomena,  we 
1^  choose  to  present  it  under  the  title  of  a  hypothesis.  We 
'live  never  seen  the  electric  Huid  in  a  separate  state  ;  nor 
we  we  been  able  to  say  in  what  case*  it  abounds,  or  when 
)t  it  di;ticient.  After  what  we  have  seen  in  t!ie  late  experi- 
ttents  of  that  philanthropic  phUosopher  Count  Ilumford  on 
Ibe  production  of  heat  by  friction,  we  think  that  wc  cannot 
be  too  cautious  on  what  grounds  we  admit  Invisible  agents 
Is  perform  the  operations  of  Nature.  We  think  that  all 
■ost  acknowledge  that  those  experiments  tend  very  much 
IB  Ma^er  our  belief  in  the  existence  of  a  fluid  sttigfniris,  a 
In,  heat,  caloric,  or  what  we  please  to  call  it;  and  all  will 
leknowledge,  that  no  better  proofs  can  be  urged  for  tlie  ex- 
htence  of  an  electric  fluid. 

S2d.  Accordingly,  many  acute  and  ingenious  persons  have 
(qected  the  notion  of  the  existence  of  an  electric  fluid,  and 
tBve  attempted  to  shew  that  the  phenomena  proceed  not 
boi  the  presence  of  a  peculiar  subitance,  but  from  peculiar 
ttdta  i  as  we  know  that  Gound,  and  some  concomitant  mo- 
ioos  and  other  mechanical  appearances,  are  the  results  of 
b»  elastic  undulations  of  air ;  and  as  Lord  Bacon  and  others 
are  exjdained  the  eflects  of  fire  by  clastic  undulations  of 
be  inlegruit  particles  of  tangible  matter. 
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We  faaw  8660  nntfcingi  however,  of  tbbkind  thet  •§ 
to  give  any  eigplmatimi  of  the  motioDs,  pressuresy  axd 
iHPykanJA^l  appamwces  of  electridty.  We  peremptori 
quke,  that  eveiy  doetrine  which  chume  the  naBBie  of  a 
planation,  shall  be  perfectly  consisteBt  with  the  acknowli 
laws  of  mechanisie ;  and  that  the  explaaa&»  shall  e 
ia  pointing  oat  those  mephaaind  laws  9(  which  the  fii 
electricity  are  particular  instances  It  isnodi&ulti] 
'  to  present  aa  intricate  or  ocoplex  pheaoaienon  to  our 
in  such  a  form,  thai  il  shall  have  some  resemblance  to 
otbor  ooaqplex  physical  fact,  more  faiailiar,  perhaps,  b 
belter  understood.  The  spedoua  appearand  of  simil 
and  the  more  £tfmliar  acgnaiataace  with  the  other  | 
meoon,  dispose  us  to  oonsider  the  comparison  as  a  s 
explanation,  or,  atleast»aniUastralioa,andtohayea! 
inddeat  acquiesceno^in  it  as  a  theory. 

But  this  will  not  do  in  the  present  question :  For  w< 
here  selecteda  particular  orcumetaaee,  the  observed  n 
occasioned  by  electricity,  and  called  6ttracUmi8  and  rep 
—a  circumstance  which  admits  of  the  most  accurate  c 
nation  and  comparison  with  any  exf^nation  that  is  atl 
edb  la  suck  a  case,  a  vague  picture  would  speedily  ' 
iato  air,  aad  prove  to  be  nothing  but  figurative  expre 

236.  Many  phil<isophers,  and  among  them  some  n 
able  mathematicians,  have  supported  the  doctrine  of  Di 
Symmer,  Cigna,  &c.  who  employ  two  fluids  as  age 
all  electrical  operatiofis.  It  must  be  granted  that 
are  scone  appearances,  where  the  expknation  by  mi 
two  fluids  seeais,  at  first  sight,  more  palpable  and 
conceived.  But  whenever  we  attempt  to  obtain  mc 
and  to  say  what  will  be  the  precise  kind  and  degree  < 
action^  we  find  ourselves  obliged  to  assign  to  the  pi 
of  those  fluids  actuating  mechanical  fiwcespreasely  e 
lent  to  those  assigned  by  ifijnnus  to  hb  ^ngle  fluid, 
we  have  to  add  some  mysterious  unexplaiBed  conne 
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boUi  with  caob  other  and  with  the  other  parucles  of  tangible 
matter.  If  we  except  Mr.  Prevost,  in  bis  £smi  $ur  les  Far* 
€e$  Magnctigues  ct  EU^riqwSf  we  do  not  recollect  an  author 
vfbo  has  ventured  to  subject  his  system  to  strict  examina- 
Uon,  by  pointing  out  to  us  the  laws  of  action  according  t9 
vhich  be  conoeives  the  partidies  influence  each  other.  We 
shall  have  a  proper  oji^Kvrtunity,  in  the  article  Magnetisms 
to  give  this  autbor^s  theory  the  attention  it  really  merits. 
We  venture  to  say,  that  all  the  chemical  theories  of  electri* 
city  labour  under  these  incoBveniences,  and  have  acquire 
their  influence  merely  from  the  inattention  of  their  partisans 
to  the  laws  of  mechanical  motion,  and  require,  in  order  to 
reconcile  them  with  those  laws,  the  adoption  of  powers  «k 
milar  to  i£pinus's  attractions  and  repulsions*  Slight  reaeni- 
Uances  to  phenomena,  which  stand  equally  in  need  of  ex- 
planation, have  contented  th9  partisans  of  such  theories,  and 
figurative  language  and  metaphorical  conceptions  have  taken 
place  of  precise  discus^on.  It  would  be  endless  to  examtne 
them  all 

227..  The  most  sqpedous  of  any  that  we  know  was  pub- 
licly read  in  the  university  of  Edinburgh  by  the  late  Mr. 
James  Bussel,  Professor  of  natural  philosophy ;  a  person  of 
the  most  acute  discernment,  and  an  excellent  reasoner.  It 
was  delivered  to  his  pupils,  not  as  a  theory y  but  as  a  cotycc*" 
turcy  founded  on  Lord  Cames^s  theory  of  spontaneous  eva^ 
poration,  which  had  obtained  a  very  general  reception ;  a 
conjecture,  s^d  the  Professor,  founded  on  such  resemblan- 
ces as  made  a  similarity  of  operation  very  probable,  and  was 
an  incitement  and  direction  to  the  philosopher  to  a  prc^per 
train  of  experimental  discussion.  We  say  this  on  the  au- 
thority pf  his  pupils  in  the  years  1767,  1768,  and  17^ 
and  of  some  notes  in  bis  own  hand  writing  now  in  our  pos- 
session. 

Mr.  Russel  considered  the  electrical  phenomena  as  the 
results  of  the  action  of  a  substance  which  may  be  called  the 
eUctrical JIuidy  which  is  connected  with  bodies  by  attractive 
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and  repuIsiTe  fbroes  acting  at  a  distance^  and  diminishing 
as  the  distance  incre  ise& 

Mr.  Russel  speaks  of  th^  electric  fluid  as  a  compound  of 
several  others ;  and,  pardcularljr,  as  containing  elementary 
Are,  and  deriving  from  it  a  great  elasticity,  or  mutual  re* 
pulsion  of  its  particles.  This,  however,  is  different  from  the 
elasticity,  or  mutual  repulsion  of  the  particles  of  air,  because 
it  acts  at  a  distance ;  whereas  the  particles  of  nr  act  only  on 
the  adjoining  particles.  By  this  oonsdtution,  bodies  contain- 
ing more  electric  fluid  than  the  spaces  around  them  repel 
each  other. 

The  particles  of  this  electric  fluid  attract  the  particles  of 
other  bodies  with  a  force  which  diminishes  by  distance. 

The  characteristic  ingredient  of  this  fluid  is  klbctricity 
properly  so  called.  Thb  is  united  with  the  elastic  fluid  by 
chemical  affinity,  which  Mr.  Russel  calls  elective  aitractiony  a 
term  introduced  into  chemistry  by  Dr.  Cullen  and  Dr.  Black. 
This  extends  to  all  distances,  but  not  predsely  by  the  same 
law  as  the  mutual  repulfflon  of  the  particles  of  the  other  fluid, 
and  in  general,  it  represses  the  repulsions  of  that  fluid  while 
in  this  state  of  composition.  This  electricity^  moreover,  at- 
tracts the  particles  of  other  bodies,  but  with  certain  elections, 
^on-electric  or  conducting  bodies  are  attracted  by  it  at  all 
distances ;  but  electrics  act  on  it  only  at  very  small  and  in- 
sensible distances.  At  such  distances  its  particles  also  at- 
tract each  other. 

By  this  constitution,  the  compound  electric  fluid  repels 
its  own  particles  at  all  considerable  distances,  but  attracts  at 
very  small  distances.  It  attracts  conducting  bodies  at  all 
distances,  but  non-conductors,  only  at  very  small  distances. 
The  phenomena  of  light  and  heat  are  considered  as  marks 
•of  partial  decomposition,  and  as  proofs  of  the  presence  of 
elementary  fire  in  the  compound :  the  smell  peculiar  to  elec- 
tricity, and  the  effect  on  the  organ  of  taste,  are  proofs  of  do* 
oompositioii  and  of  the  complex  nature  of  the  fluid. 
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Ajdifj  (conductors)  containiDg  electric  fluid,  repel  each 
dtber  at  coo^derable  distances,  but,  if  forced  very  aear,  at- 
flMocb  other.  Electrics  can  ccmtaia  it  only  in  consequence 
rftherfarwtfy  in  ihe  compound.  Part  of  this  electricitjr 
■Bit  be  stt&cbed  to  the  surface  in  a  noD-elastic  state ;  be- 
OUk  when  it  is  brought  so  near  as  to  be  attracted,  its  par- 
oles are  within  the  spheres  of  each  other's  action,  and  this 
redoubled  attraction  oTercomes  the  repulsion  occasioned  by 
iti  union  with  the  other  ingredient ;  and  the  electric  fluid 
a  partly  decomposed,  and  the  eUctriHty,  properly  so  called, 
dlttres  to  the  surface  of  the  electric,  tu  the  water  of  damp  air 
UtTti  to  a  cold  pane  ofgiast  in  our  windotca.  Also,  by  this 
Utiiutton,  electric  fluid  may  appear  in  two  states  ;  elastic, 
fce  air,  when  entire ;  and  unelastic,  like  water,  when  part- 
decomposed  by  the  attraction  of  electrics. 
Eledridty  may  be  forced  into  this  unelastic  union  by  va- 
)us  means  j  by  friction,  which  forces  the  electric  fluid  con- 
ined  in  the  air  into  close  contact,  and  thus  occasions  this 
icomposition  of  the  fluid  and  the  union  of  its  c/ecln'«fy  with 
e  surface.  This  Operation  is  compared  by  Mr.  Russel  to 
t  forcible  wetting  of  some  powders,  such  as  lycoperdon, 
wii  cannot  be  wetted  without  some  difficulty  and  mecha- 
ni  compression ;  afler  which  it  adheres  to  water  strong- 
It  may  be  thus  united  in  some  natural  operations,  as 
observed  in  the  melting  and  freezing  of  some  substances 
dmtact  with  electrics ;  and  it  may  be  thus  forced  into 
■on  by  means  of  metallic  coatings,  into  which  the  electric 
dd  is  forced  by  an  artful  employment  of  its  mutual  repul- 
OB.  This  operation  is  compared  to  condensation  of  the 
Ifature  of  damp  air  by  a  cold  pane  of  the  window ;  and 
levacuation  of  the  other  side  of  the  coated  pane  is  com- 
nd  to  the  evaporation  of  the  moisture  from  the  other  side 
the  window  pane,  in  comequence  of  the  heat  which  must 
i^  from  the  condensed  vapour.  We  find  in  the  Pro- 
lor's  notes  above-mentioned,  many  such  partial  analogies,  < 
ployed  to  shew  the  students  that  nwA  things  are  seen  in 
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the  operations  of  Nature^  atnl  that  his  eonjMure  merits  at« 
tention. 

1?he  intelligent  reader  trill  seenhat  the  general  results  of 
thiB  constitution  of  the  electric  fluid  will  tally  fi^etty  well 
with  the  ordinary  electrical  phenomena ;  and,  accordingly, 
ibis  conjeduft  was  received  with  great  satisfaction.  We  re«> 
member  the  being  much  pleased  with  it,  as  we  heard  it  ap- 
{died  by  Mr.  RussePs  pupils,  many  of  whom  will  recollect 
what  is  here  put  on  record.  But  the  attentire  reader  will 
also  see^  that  all  this  intricate  combination  of  different  kinds 
of  attraction  and  repulsion  is  not)iing  but  mere  accommo- 
dations of  hypothetical  forces  to  the  phenomena.  How  in- 
comparably molT  beautiful  is  the  simple  hypothesis  of  JEpi* 
nuS|  which,  without  any  such  accommodations,  tallies  so 
precisely  with  all  the  phenomena  that  have  yet  been  observ- 
ed ?  Here  no  distinction  of  Si^ion  is  necessary,  and  all 
the  varieties  are  Cbtiseqtrenees  of  a  circumstance-  perfectly 
agreeable  to  general  laws ;  namely,  that  the  internal  struc- 
ture of  some  substances  may  be  such  as  obstructs  the  mo* 
tion  of  the  electric  fluid  tiiroogh  the  pores— Nothing  is 
more  likely. 

228.  Several  year^  after  the  death  of  the  Scotch  Profes- 
sor  in  1773,  a  theory  very  much  resembling  this  acquired 
great  authority,  being  proposed  to  the  philosophers  by  the 
celebrated  naturalist  Mr.  de  Luc.  This  gentleman  having 
long  cultivated  the  study  of  meteorology  with  unwearied 
assiduity  and  great  success,  and  having  been  so  familiarly 
conversant  with  expansive  fluids,  and  the  afltnities  of  their 
compounds,  was  disposed  to  see  their  operations  in  almost 
all  tire  changes  on  the  surface  of  this  globe.  Electricity 
was  too  busy  an  actor  in  our  atmosphere  to  escape  his  par- 
ticular notice.  While  the  mechanical  philosophers  endea- 
voured to  explain  its  eflfccts  by  accelerating  forces  attracting 
and  repelling,  Mr.  de  Luc  endeavoured  to  explain  them  by 
means  of  the  expansive  properties  of  aeriform  fluids  and 
gases,  and  by  their  diettiical  affinities^  oompoations,  and  de» 
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ioae.  He  had  fcnaei  to  hAtaMtf  k  {lecuUu  opiBion 
ig  the  constitution  of  our  aUnoapbere,  tad  bad  «tc- 
be  condensation  of  moistura,  feather  <rf*  Mcam  dt 
t  acrtforai  fluids,  in  a  way  «e«dl  «»M  M^bed  tiJaft' 
te  theory  of  Dr.  Hookc,  nk.  aolutioa  m  air.  He 
s  the  compound  of  air  and  fire  U  the  corruir  of  thte 
ii  in  K»tulion  in  damp  air,  aa4  the  fire  as  die  gwrt- 
er  flf  both  the  air  and  the  ttonAure.  Even  /re  is 
ned  by  him  as  a  vapour,  of  ivhich  t^^  ia  the  eam'ef. 
this  (Aump  sir  or  steam  is  iqpphed  te  a  ooM  surface, 
that  of  a  glass  pane,  it  is  decomposed.  The  watMr 
ted  hy  the  pane  by  chemical  affinity,  cad  attaches 

tfie  eur^e.  The  6re,  ttms  Mt  at  liberty,  acts  on 
)  in  another  way,  producing  tbe  e^ilitmn  of  teOl- 
t,  and  the  mpansion  of  4ie  pane.  Acting  iu  the 
»nner  on  the  mcHsture  whSdi  chances  to  aSheTe  to 
ec  «tde,  in  a  proportion  suited  to  its  temperature,  it 
s  their  uibod,  enters  into  chetmad  coaatHnation  with 
tstme,  and  fits  it  for  imiiiug  with  the  air  on  the  othtf 

carries  it  off".  Having  read  Mr.  Volta's  tbeot-y  of 
iB^Kfww,  by  whioh  that  philoBflphet  mm  eoAled  to 
cienttfic  narration  and  arrMgeraent  c^  the  phettoflie- 
le  pfrcfropAonu  newly  invent^  by  hims^,  and  which 
1  an  explanation  of  those  phcntMnoia,  Mr,  de  Luc 
id  that  he  saw  a  close  analogy  between  those  ih^ikx- 
be  plates  of  the  clectropttoras  and  the  kygroKopic 
KBa  of  the  condensation  and  evaporation  of  moistnre. 
t,  he  was  struck  with  the  resembhince  between  the 
Mion  of  moistnre  on  one  ^e  of  a  glass  pane,  And  itfe 
ition  from  the  other ;  and  the  accinnuktion  "ef  lite- 
A  on  one  side  of  a  coated  ptate,  aud  the  rintlvrtion 
m  the  other.  Subsequent  exannDatioti  pntited  out 
Ihe  same  analogy  between  all  other  fgigriMOpic  and 

herefore  immediately  formed  a  similar  opinion  con- 
;  the  electric  operations.    It  may  be  exturessed  briefly 
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239.  The  dectrical  phenomena  are  the  operations  of  an 
expansive  substance,  called  the  dectric  Jlmid.  This  oonnsts 
oftwoparts:  1.  JS&cfricmalfer,  which  is  the  gravitating  part 
of  the  compound ;  and  dectric  dtferaUjbad^  or  carryingfuUy 
by  which  alone  the  electric  matter  seems  to  be  carried  from 
one  body  to  another.  The  resemblance  between  the  bj» 
groecojnc  and  electrical  phenomena  are  affirmed  to  be*, 

1.  As  watery  vapour  or  steam  is  composed  of  fire,  the 
deferent  fluids  and  water,  the  gravitating  part,  so  dedrk 
fluid  is  composed  of  the  electric  deferent  fluid,  and  electric  mat* 
ter. 

2.  As  vapours  are  partly  decomposed  when  too  dense  for 
their  temperature,  and  then  their  deferent  fluid  becomes  free, 
and  shews  itself  as^e ;  so  electric  fluid  that  is  too  dense  is 
decomposed,  and  its  deferent  fluid  manifests  itself  in  thephos* 
phoric  and  flay  phenomena  of  electricity, 

3.  Asflre  quits  the  tso^er  of  v§pmur^  to  umte  itself  with  a 
body  less  warm ;  so  the  electricdeferentqvAta  the  electric  nuU*  * 
ter  J  in  part,  to  go  to  other  bodies  which  have  prc^wrtionally 
less  of  it. 

In  this  analogy,  however,  there  is  a  distinction.  Ftre,  in 
quitting  the  water  in  vapour,  retrains  actuated  by  nothing 
but  its  expanfflve  force ;  remains  free,  and  extends  itself 
till  the  equilibrium  of  temperature  is  restored ;  but  the  efec- ' 
trie  deferent,  when  disengaged  from  electric  matter,  in  order 
to  restore  its  peculiar  equilibrium,  is  actuated  by  tendencies 
to  distinct  bodies,  and  acts  by  this  tendency  in  thus  restor* 
ing  the  electric  equilibrium ;  and  it  is  only  in  consequence  of 
this  tendency  that  it  quitted  the  electric  matter.  This  tenden- 
cy is  then  directed  to  some  body  in  the  vicinity. 

4.  As  theflre  of  vapour  pervades  all  bodies,  to  restore 
the  equilibrium  of  temperature,  deposing  the  water ;  so  the 
eleqtric  deferent  quits  the  electric  matter,  to  restore  the  electric 
equilibrium  in  an  instant,  and  for  thb  purpose  pervades  all 

*  See  Idist  tw  h  MeUorslc^,  %  966,  4c. 
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\»&tlt  depocit'iDg  on  them  the  tlectric  matter  wfakh  it  eat- 
ieifbatditfermxlj,  according  to  their  natures. 

5.  AMfirt  and  footer,  while  composing  vapour,  ntlio  Uidr 
tadada  sod  a^nifus  by  which  they  produce  the  i^jgrawopic 
jbiKHnena :  so  the  ingredients  of  the  electric  fidd^  even  in 
Ibnr  state  of  union,  retain  their  uttdencws  and  t^iatiat  whidi 
induce  the  greatest  part  of  the  dectric  pkenomaia. 

6.  In  particular,  the  electric  maUer  retains  its  tendaideM  and 
■^itirs  ;  and  farther,  the  electric  agbiitia  are,  like  the  J^ 
gnteopic,  without  any  choice. 

Here,  however,  there  is  a  farther  distinction.  The  aSi- 
Wties  of  tcater  respect  only  hygroscopic  subataDCes;  but 
Ibote  of  electric  matter  respect  alt  substances,  and  tfaeiefwe 
ttpect  the  common  atmospheric  fluids. 

7.  When^re  quits  the  vxUer  ofvt^our,  to  formtheejK^ 
irixm  of  temperature,  it  remains  in  the  place  where  vepoHr 
Qost  i^unds,  but  is  partly  latent,  not  exerting  its  powrars  ; 
0  in  the  restoration  of  the  equilibrium  of  the  electric  deferetH 
imong  neighhourin^  bodies,  those  which  have  proporticptiaU 
f  most  electric  mater  also  retain  most  deferent  fiad,  but  is 
iatent  state. 

6.  As  two  masses  of  vapour  may  be  in  expauive  eqtoH^ 
rbm  (which  others  call  balancing  each  others  elaaticity)  al- 
bough  the  vapoan  contain  very  difierent  proportionB  ofyfre 
aiwater;  so  two  masses  of  tlectric  Jluid  mtiy  bcinei^Kui* 
in  equUibrium,  although  one  contains  much  more  dectric 
latter  in  the  same  bulk,  provided  that  the  electric  defiraU  be 
■D  more  copious. 

t  The  chief  distinction  that  mingles  with  these  aaali^ei 
1^  that  the  affinity  of  loaler  to  hygroscopic  substances  ope- 
lles  oa]y  in  contact,  whereas  dectric  matter  tends  to  distant 
b£es ;  and  these  distances  are  very  different  in  r^ard  to 
Wttent  bodies. 

iSucb  is  the  resemblance  which  has  appeared  so  strong  to 
1^.  de  Liuc.  It  is  evidently  the  same  which  furnished  tlie 
■jecture  to  Mr.  Russel,  and  which  he  considered  mecht^ 
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nicRlly,  itt  Ofdnr  «»  etplMi  the  pheAottena  cf  dedrie  mfi 
tions  to  studeiil8  of  tmclilufiiicil  {)liilos6phy.  The  tnij  r^ 
waMmoe  ftcemii  to  us  to  Hfipear  in  the  condeMitiott  of 

Mr.  de  Luc;  ItA  by  the  habits  of  his  fisntoer  flltodiei,  it- 
tempts  to  expbtttt  etety  thing  by  the  lotions  whieh  #efe 
most  familiftr  VI  hhiH  ^(fhiititB  a!od  expcmnve  Jbrrft.  Let  m 
attend  a  little  to  the  mantier  in  which  be  ex{daili8  dnetxr 
two  of  the  most  genend  facts. 

290; — First f  Tke  condMms  of  eondvehn  tmd  min*aiii<>l» 
art. 

This  distitKtioti  depends  on  the  difibiences  in  the  teniae 
Of  to  distant  bodies :  there  are  great  diflerences  in  tbess 
distances  according  to  the  nature  of  the  bodies ;  and  iron 
diis  arise  great  diffisreneeft  of  phenomena^  independent  of 
insulatioti  or  tion-insulation,  which  are  only  the  sctisibfc 
distiMtioAs  of  these  classes  of  bodies.  JBfedric  matter  teMk 
to  condtufat$  at  great  distances  ;  but  haTxng  readied  thetti, 
tt  does  not  adhere,  aiid  remains  free  to  move  round  thett, 
being  dragged  by  the  de/brent  fluid  ;  but  its  tendency  tti 
wnKtrndudorB  is  only  at  small  and  insensible  distances ;  and 
hairing  come  into  contact,  it  adheres,  and  can  no  iMger  be 
dragged  By  the  ^ieftftnijbud. 

Hence  the  operation  of  conduttors  and  aoa-comfiicfors;  and 
there  is  no  other  fbundation  for  the  notion  of  tc&Mfeclnb 
and  ndiHrfecfytbs,  or  dectrics  by  communication.  A  part  of 
a  UMbMiAcctor  takes  as  mudi  deetric  matter  as  it  can  from 
the  substance  furnishing  it;  but  cannot  communicate  it 
to  another  part,  except  very  slowly ;  therefotie,  to  commu- 
nicate it  to  the  whole  surface,  we  must  cover  it  with  a  cott^ 
doctor.  j(Surely  this  is  a  distinction  in  the  body,  independent 
^  the  distance  of  mutual  tendency !) 

Hence,  too,  the  property  of  non-conductorn  by  which  th^ 
electric  fluid  is  henmiAed  (engtmrdi)  or  cramped ;  thctefbre 
^e  can  accumulate  a  fireatdeal  in  them  ;  and  it  will  remmn 
long  being  benmmbed  ;  and  if  it  be  determined  to  quit  them 
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I U  DDce,  (he  current  will  be  ntudi  more  dense  than  wlien 
'g  an  equal  conducting  surfioe. 
Snee  tondvclora  do  not  fix  tlie  dsefne  jbddf  it  mat  eiradale 
I  Moid  ihtm.  It  is  iir^  to  this  motiDn  by  its  expMnve  paw 
|r,^  nhich  it  would  disperse  from  >  body  with  inconcehr- 
1  life  velocity,  and  perliaps  the  rapidity  of  its  BWtion  wonld 
Becompose  it,  and  cause  some  U^t  to  emet^e;  but  it  is  at 
tlbe  same  time  impelled  by  its  fmiJniey  to  bodies.  Tbus, 
I);  these  two  furcce,  it  runs  to  a  (midwcting  body^  and  cmst 
.orculsle  mund  it  as  the  planets  do  round  the  sun.  In  Ihii 
ereulaljon,  if  it  come  to  any  great  projection,  it  cannot  W» 
Jbrlbe  outline,  because  so  alirupt ;  it  therefore  flies  off  rt 
M  pnnts  and  protuberances.  It  will  be  the  more  difficult 
SIh^  to  an  abrupt  outline  b9  tlie  strMum  in  circubtioa  is 
pre  copious  or  deeper,  because  a  grater  mass  is  with  diffi- 
^ty  turned  round  a  sharp  angle.  It  is  more  inclined  to 
Bcap  if  another  body  be  near,  and  it  immediately  becomes 
isatellile  to  thai  body. 

Thus  all  bodies  get  a  share  of  electric  fluid,  drcubting 
ttind  condnclors,  and  Irnutnhid  at  crompei  in  xtm-coffAn- 
In.  Bodies  of  this  last  class  receive  their  portion  by  the 
B  u  hygroscopic  subtlances  receive  their  water  by  the  fire. 
All  the  differences  in  the  tendencies  to  bodies  proceed 
ten  the  thclrk  mailer.  The  dtferent  JIuid  follows  other 
km;  namely,  I.  Its  tendency  to  all  substances  is  greater 
■in  that  of  the  eltclric  matUr  to  any  one.  S.  The  ten- 
fency  (and  also  that  of  the  thcfric  noaier)  is  alwi^  from 
be  body  which  contains  most  of  it,  to  that  whidi  conttiOs 
Bitt.  3.  The  body  which  contains  most  of  the  «»e  tAna 
jiBtaitis  most  of  the  other.  \.  The  dtfcreitt  fittH  \Mt  tt 
pnJcular  affinity  (chemical)  with  the  dtctric  tnatter.  5.  iUl 
bse  tendencies  are  lessened  by  an  increase  of  distMiCfc. 
(X^e  eUclric  vmlUr,  when  composing  dairic  ptid^  has 
jpK  or  less  expansive  force  us  it  is  united  to  tDore  or  less  de- 
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Explanatum  of  Charged  Plates. 

SSl.Mr.  de  Luc  8ajr8(§  286),  that  his  Ststsh  was 
ed  by  Yalta's  Theory  of  electric  JnfMencea.  These  (says  B^ 
had  been  pretty  well  oeneralised  before,  but  with  Ihtfe  flK 
provement  to  the  sdenoe^  till  Mr.  Volta  discovered  a  ah' 
cumstance  which,  in  his  opinion,  connected  by  a  gaan^ 
thecnry  many  phenomena  which  had  formerly  no  observed  n* 
ladon  to  any  thing.  This  was,  that  when  a  boJ^  dtdn/A 
poiUivdy  bringe  a  mighboiaring  body  coimmimcating  wik  tfc' 
ground  into  the  negative  state^  its  own  positive  electriei^k 
weakened  while  U  remains  in  that  neighbonrhoodf  hU  is  reewsh'' 
ed  when  the  other  body  is  removed.  <*  Sudi  is  the  disdnguali' 
ing  law  of  Mr.  Volta^s  the<Hy,  which  brings  all  the  phei^ 
mena  of  electric  influences  under  his.  theory,  beginidi|< 
'  with  those  of  coated  glass,  which  were  formerly  so  obscui^ 
because  they  were  not  referred  to  their  true  cause,  &c. 

<<  My  Systbm  (Mr.  de  Luc  says)  concerning  the  naAm 
<if  the  electric  Jbsid  explains  the  laws  of  Mr.  Volta^s  theory; 
and  of  consequence  explains,  like  it,  all  the  phenomens 
which  it  comprehends :  but  it  reaches  much  farther,  seeing 
that  more  general  laws  comprehend  a  greater  number  of 
phenomena. 

<*  In  the  phenomena  of  coated  glass,  I  plainly  saw  one  of 
the  procedures  of  watery  vapour.  Suppose  a  glass  pane, 
mcustened  on  both  sides,  and  having  the  temperature  c^  the 
.surrounding  bodies.  Suppose  that  warmer  vapour  comes 
to  one  side.  It  is  condensed  on  the  surface ;  that  is,  it  is 
decomposed,  the  water  adheres  to  the  surface,  and  the  Jbt 
penetrates  the  glass,  heats  it,  and  increases  the  evaporatioB 
from  the  other  side,  by  entering  into  combination  with  the 
water  J  and  carrying  it  off  with  it.  More  vapour  is  condens- 
ed on  the  side  A ;  mort  jire  reaches  the  side  B,  and  carries 
oflP  more  water.  But  as  this  happens  only  because  the  ^re 
also  ndses  the  temperature  of  the  pane,  it  is  evident  that  the 
condensation  on  the  side  A,  and  the  evaporation  fnmi  B, 
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ndually  slacken,  and  tlie  maximum  of  eeanuJation  ia 
of  evaporalion  from  B,  will  lake  place  when  thetem- 
<e  of  the  pane  is  the  same  with  tbst  of  the  hot  vaptutr. 
lie  electrical  phenomena  of  c<)atL'd  glass  are  perfectly 
The  eUctTuJluid  reaches  the  nde  A,  is  deoonipoB- 
[  the  eleetrit-  matUr  is  tliere  baiunJitd  and  fixed  The 
t  jbni  penetrates  tlie  pane,  and  carries  off  the  electric 
from  the  nde  B.  This  goes  on,  but  Blackens;  and 
Dnmum  of  accumulation  antl  evacuation  obtains  whm 
de  A  has  acquired  the  same  intensity  of  electricity 
lie  charging  machine.  More  is  accumulated  in  A 
abstracted  from  B ;  because  B  is  farther  from  the 
(he  might  liave  added,  that  put  of  the  fire  it  ex- 
in  raising  the  temperature  of  t)ie  pane) :  but  the  ac- 
,tion  ia  inactive,  because  the  electric  matter  is  batambed 
xd.  Though  the  electric  matter  is  much  dinuniibed 
yet  tbe  tltetric  Jtuid  in  iis  coating  has  as  much  e^ 
i  force  as  dial  of  the  ground  j  because  it  has  a  snr- 
:  deferent  fluid.  The  aboslute  quantity  of  tlettrie 
in  both  sides  is  somewhat  augmented." 

This  explanation  of  the  Lejden  {rfiial  comfM^hends 
>Ie  of  Mr.  de  Luc's  theory  ;  and  the  constitution  of 
trie  fluid,  and  its  variou.s  aiUniues,  expansiye  powers 
idencies,  ore  all  assigned  to  it  in  subserviency  to  this 
ition,  or  deduced  from  (hose  phenomena.  As  the 
in  all  his  writings,  claims  some  superiority  over 
aturalists  for  more  general  and  comprehensive  views, 
more  scrupulous  attention  to  precision  and  measure- 
and  particularly  for  more  solicitude  that  no  natural 
K  omitted  that  has  any  sliare  io  the  proceedure, — ^he 
nlll  not  be  ofiended,  although  we  should  state  such 
ies  and  objections  as  occur  to  tis  in  the  conuderation 
SysTEU  (as  he  choosee  to  call  it)  of  electricity, 
wish  that  ii  had  been  expressed  in  the  plain  and  pre- 
guaf^e  of  inecbanical  and  chemical  science;  forhe 
entirely  from  the  nature  of  expannre  forces,  tenden- 
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^es,  and  affinities.  His  Uinguage  will  appear  to  some  rea« 
dersi  as  it  does  to  us,  rather  to  express  tbe  conduct  of  ivk- 
tnUigent  beings,  acting  with  choice,  and  for  a  purpose,  than 
the  laws  of  lifeless  matter.  His  account  would  have  been 
less  agreeable,  it  is  true,  but  more  instructivQ,  and  less  apt 
to  be  mistakes.  Metaphorical  language  is  seldom  used  with* 
out  the  risk  of  metaphorical  coyoeptions;  and  tlie  reader  is 
Tery  apt  to  think  that  he  has  acquired  a  notion  of  the  sub- 
ject, whUe  he  is  really  thinking  (rf'a  thing  of  a  different  na- 
ture. We  i^)prehend  that  a  great  deal  of  tUs  happens  in 
Ais  instance,  and  that  when  the  narration  is  stripped  of  its 
figurative  language^  it  will  be  found  without  that  connection 
and  analogy  which  it  seems  to  possess 

We  also  wish  that  tbe  expUnation  had  been  derived,  from 
some  weU-estaUished  principle.  The  whole  of  it  is  profis- 
$$d^  founded  on  a  resemblance  between  tbe  phaumuna  of 
dectribity  and  some  things  sud  of  wat^y  vapour ;  but 
these  are  not  the  pkenwmBna  of  watery  vapour,  but  Mr.  de 
liUc'^s  hypoAtm  (he  will  pard(m  us  the  term,  which  we  pre- 
fer to  system)  concerning  waiety  wifoura.  We  do  not  think 
it  philosc^hical  to  explain  one  hjrpothesis  by  another.  Our 
tllustriaus  countrymen  Bacon  and  Newton,  disapproved  of 
this  practice ;  and  their  rules  of  philosophiung  have  still 
currency  anK>ng  philosophers.  Explanation,  in  our  c^inion, 
IS  the  pointing  out  some  acknowledged  general  fact  in  na- 
ture, and  shewing  that  the  particular  phenomenon  is  an  ex- 
ample of  it.  We  do  not  see  this  in  Mr.  de  Luc^s  explana- 
tion ;  because  we  do  not  see  xhefacU  in  the  case  of  watery 
vapours  to  which  the  phnommia  of  electricity  are  said  to 
have  a  resemblance.  The  phenomena  we  mean  are  chiefly 
the  mo<ttm«,  and  the  iramfirtnces  of  the  powers  producing 
such  motions ;  we  do  not  speak  of  the  l^ht^  and  some  other 
phenomena,  because  Mr.  de  Luc  does  not  speak  of  them  in 
this  explanation.  We  shall  even  admit  the  trgmftraue  as 
« jiAenomenon,  although  we  do  not  see  any  substance  trans- 
fefied :   b«it  we  see  a  power  ^  producing  certain  motions, 
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«tMn  Uwt  paww  did  not  foimerly  appear ;  and  Uw  a^^pNUp. 
ance  of  this  power  b  all  tbe  autlKtrity  adduced*  owwx  bj 

.  Mr.  d»  Luc,  fur  the  transference.  We  luiut  aov  add*  tbat 
tbe  elaetric  phenomena,  which  Mr.  de  Luc  caUa  like  tb« 
pbcDomeiu  of  watery  vapour,  are  all  sHpinMitiQmi.  i  asd  tbat 
tb«nfore  tbe  explanation  is  a  sjsteoi  of  suppfnkioB>t./rMwd 
10  as  to  be  Uke  tbe  system  of  watery  vapour.  For  Mn  df 
Luc  will  grant,  that  on  the  ouc  hand,  we  fee  ?r<'''iH[  lilta 
die  watec  in  tUe  electric  phenomena  \  and*  tu  the  otker 
hsod)  there  is  notbiag  in  watery  vapour  hka  tba  hmIwbs  of 
the  eiectnHiieters,  wbich  are  tlie  only  PUuioHiMa  btim 
vbtcb  Mr.  de  Luc  protesges  to  reason. 

We  also  fear  tbat  tbe  very  curious  experincBta  of  Count 
Kuinford  oa  tbe  melting  of  ice,  and  the  prt^iBgatioo  of  bsat 
through  liquids,  will  oblige  Mr.  de  Luc  to  cbaagc  tha  tasks 

I  of  tbe  ingredients,  both  of  vapour  and  of  elatrie  Suid.  (fo- 
tfr,  and  notjire,  seems  to  be  the  earner  or  defamt  Jbtid  ; 
and  we  think  that  Franklin  and  ^pinus  have  made  it  high- 
ly probable  (hat  eWtncity,  and  not  air,  is  (be  osrrieT' 

We  have  also  great  diHiciilty  in  conceiving  (indeed  we 
caruio(  conceive)  how  the  ikferenl  fiuid,  froai  wluch  tbe 
dtHric  matter  has  been  detached  by  its  superior  aJ^JOly  with 
the  ade  A,  can  overcome  the  .«eme  superior  t^imty  of  the 
tlutru  matter  with  the  side  B  ('),  and  carry  it  off ;  bow  tbe 
4iftrtni  fiitid  penetrates  the  ouu-coiiducting  pane,  in  otiet 
to  carry  off  die  tltetTu  matttr  in  the  form  tXfitid ;  and  bow 
it  cannot  do  tlus,  except  by  means  of  a  conduclMg  coaud,  in- 
to which  it  is  expressly  aaid  that  it  does  not  ptmlraU.  it  mist 
not  be  said  that  it  runs  along  the  .surface  of  this  caoal:  for 
ihennallesl  wire  will  be  a  sufficient  conductor,  covered  a 
loot  thick  with  sealing  wax.  This  indeed,  according  to  Mt. 
de  Luc,  allows  tiie  deferent  jgfd'ti  to  pass ;  but  il  muat  tiao, 
according  to  him,  strain  it  pretty  clear  of  all  tkctrii  nutter. 


■  We  roiy  heiP  aiV,  How  come' Ihere  tii  be  such  ■  quinLty  •feleeliic 
IMtler  aliradr  lodged  In  B  >— Is  ii  bpnumbrd  >  oi  in  vital  itata  ii  it  t 
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For  we  onmot  hdp  thinking,  that  the  process  (altl 
purely  ideal)  has  a  closer  resemUanoe  to  what  we  f 
observe  in  a  stream  of  muddy  water  poured  on  a  sti 
both  sides  oF  which  are  previously  foul.  If  we  wer 
posed  to  amuse  ourselTes  ^th  a  figurative  hjrpothes 
ooold  gne  one  on  the  prinople  of  filtration  that  v 
pretty,  and  pat  to  tfie  purpose,  of  glass  coated,  and  ch 
and  diachaiged  by  conducting  canals. 

Wtdk  respect  to  the  suggestion  of  this  theory  by  ^ 
theory  of  electric  influences,  and  the  ignorance  of  natv 
before  that  time  of  the  true  state  of  things,  we  must  ol 
that  Mr.  Russel  proposed  the  same  analogy  to  the  a 
ration  of  his  hearefB  many  years  before ;  and  it  wai 
generally  known.  The  electric  influences  had  beer 
detailed  by  Ajunus  and  Wilcke  in  1759,  and  apfdiec 
peculiar  address  and  force  of  evidence  by  Mr.  Cav< 
before  1771 ;  and  they  were  described  nearly  in  the 
way  by  Lane,  Liditenberg,  and  others. 

And  with  respect  to  Mr.  Volta's  general  prindple, 
Mr.  de  Luc  prizes  so  highly,  and  by  which  he  explains 
thing,  we  must  observe,  that  it  is  not  true  om  a  phenam 
dectridty;  but,  on  the  contrary,  the  posAive  state  of 
is  rendered  stronger^  or  more  remarkable^  by  inducing  ikt 
tive  state  on  a  ndgkbouring  body.  See  §  58.  and  66. 
Volta  was  misled  by  the  appearances  of  the  electropl 
which  had  engaged  all  his  attention,  and  modelled  all  I 
tions  on  these  subjects.  His  observations  had  been  c 
ed  to  disks;  and  though  these  are  excellent  instrumei 
produdng  very  sensible  effects,  they  are  quite  unfit  f 
amining  the  gmoral  nature  of  electric  influences. 
without  mudi  knowledge  of  dynamics,  a  person  mus 
eeire  that  the  action  of  their  difierent  parts  on  the  el 
meter  may  be  very  diflerent,  by  reason  of  their  difierc 
tttions  and  distances  .from  it.  Besides,  the  elcctromel 
the  apparatus  described  by  Mr.  de  Luc  in  sect.  44< 
did  noi  indicate  the  real  ocmcUtion  of  the  disks  to  whicl 


^ 
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Were  tuadied,  but  Uie  condition  of  (lie  remote  ends  of  over- 
oliu^  conductors  of  considerable  length.  Therefore,  al- 
tliougb  all  the  electrometera  fell  lower  when  the  other  group 
tf^sks  was  brought  near,  the  positive  state  of  the  nearest 
^  was  greatly  augmented.  The  most  unexceptionable 
appiratas  for  this  purpose  would  be  a  row  of  [rali.shcd  bolls 
wiiuulatiog  stands,  placed  in  contact,  the  whoU-  charged 
poHtive ;  uid  when  another  such  group,  or  a  long  body,  is 
biouglit  near,  lei  the  balls  be  separated  at  once,  and  exa- 
miaed  apart  by  a  very  small  electrometer,  made  in  the  form 
of  our  figure  8.  We  presume  to  say  that,  if  the  other  group 
ii<  properly  inaBaged,  and  made  to  communicate  thoroughly 
"ith  tlic  ground,  the  po^tive  electricity  of  the  balls  nearest 
toil  will  be  found  greatly  augmented,  aod  that  every  one 
of  them  will  be  fotmd  in  that  precise  state  of  electrification 
that  is  pointed  out  by  the  yKpinian  theory,  Mr.  de  Luc 
lias  made  and  narrated  the  experiments  with  the  disks,  and 
the  curious  fig^ires  observed  by  Lichtenbergh,  with  great 
judgment  and  fidelity;  and  they  are  classical  and  valuable 
^xpeiiDientA  for  the  esamination  of  the  theory.  We  may 
hen  mention  a  very  neat  way  of  executing  the  apparatus  of 

^il■Jl^  which  was  practised  by  a  young  friend,  who  was  so  kind 
Klo  make  the  experiments  for  us,  when  our  thoughts  were 
Wted  to  Mr.  de  Luc^s  theory.  Each  ball  was  mounted 
on  a  slender  glass  rod  varnished.  The  lower  and  of  the 
stilk  was  fixed  in  a  little  block  of  wood  which  had  a  square 
liole  through  it,  by  which  it  slided  steadily  along  a  horizon- 
tal bar  of  mahogany,  supported  at  the  ends  about  an  inch 
ftnm  the  table.  The  Iwlls  were  made  to  separate  at  oncOf 
uid  equally,  from  each  other,  by  a  chequer-jointed  fnune^ 
i3  seen  in  the  toyshops,  carrying  a  company  of  foot 
.iers,  who  open  aod  close  their  ranks  and  files  by  pulling  ' 
pushing  the  ends  of  the  frame.  Taking  out  the  pins  of 
liddle  joints  of  this  chequered  frame-work,  and  widen- 
the  boles  for  receiving  the  gln-ia  stalks,  it  is  plain  that 
■U  the  bolls  will  separate  at  once,  in  the  very  state  of  eletb 
rou  IV.  N 
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tky  were  when  id  the  neighboiiriiooi  ef 

^  ^  ^iMhtH  gnap.     This  apparatus  consiflted  of  n 

^L.    ||*t  fbuad  the  baU  next  the  other  group  much  mofli 

gm^tfjfy  poBitm  than  before  brinj^  tbat  group  near;  ui 

^  wm  generally  the  third  ball  which  seemed  equally  deolBB 

m  both  stoations.     We  added  mne  balk  more,  oonnecli^ 

the  whole  by  a  nmilar  contrivance.;  and  found  it  a  moitiB- 

Hmctive  appanitns  ibr  the  theory  of  the  distribution  of  dM 

skicilric  fluid.     We  wish  that  it  had  occurred  to  us  wIhb 

the  §  68,  be.  were  under  consideration. 

With  respect  to  the  condition  in  which  the  electrie  mitlF 
ler  is  said  to  be  lodged  in  the  side  A  of  the  coated  psBf^ 
where  Mr.  de  Luc  says  that  it  is  fixed,  engmtrdi  in  the  Mih 
ojnr/iirtijy  nafut  (which  condition  Mr.  de  Luc  considers  H 
chanKSteristic  of  such  substances),  we  must  say  that  the  d» 
scription  of  its  state  is  by  no  means  i^greeaUe  to  what  wi 
have  observed.     The  powers  of  this  efaefrsc  aiatter  are  I0 
more  haamM  or  enervated  (it  is  a  very  unphiloec^icdi 
|ihrafle),that  ifit  were  inaeofiAdnybody  at  the  samedis* 
taaee  from  the  opposite  coating.     If  coatings  be  apphed  ts 
a  block  of  glass  of  two  or  three  inches  in  thickness^  and  if 
the  electrification  be  so  moderate  that  it  would  not  fly  froa 
the  one  coating  to  the  other  when  the  glass  is  removed«-no 
aensiUe  dtfierence  will  be  found  between  the  electridly  of 
the  two  coatings  with  or  without  the  glass.     The  electric 
matter  in  the  ude  A  has  not  its  powers  tngmgrdi ;  ihej  are 
haitaicei  by  the  powers  of  the  side  B. 

But  how  will  Mr.  de  Luc  expliun  the  charging  a  pane  ne- 
gatively ?  How  will  he  bringofi^a  quantity  otekctric  matter^ 
greater  (according  to  his  own  account)  than  what  will  be  ie- 
munbed  on  the  other  ude  ?  Nay,  we  must  ask,  where  does  he 
find  it  ?  Is  there  a  quantity  already  feimscietf  there  ?  What 
is  to  revive  it  ? 

Let  us  now  oonnder  a  little  the  constitution  of  the  ingre- 
dients of  this  electric  fluid,  by  which  all  these  things  are 
brought  aboutt  And  in  doing  this,  let  us  banish,  when  pos* 
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siUe,  all  figurative  language ;  und^  in  the  precise  and  dry 
phntteology  of  dynamica^  let  us  speak  of  the  motion  of  single 
particles  of  the  dtctrujhud^  deferent  fluiJ^  and  dectric  matter. 
By  OBpanme  power,  must  certainly  be  meant  such  a  power 
as  that  by  whidi  air,  gases,  inflamed  gunpowder,  steam,  and 
the  like,  enlarge  thdur  bulk,  and  which  is  clearly  manifested 
as  a  mechanical  pressure,  by  bursting  vessels,  impelling  buU 
lets  or  pistons,  &c  as  well  as  by  the  actual  enlargement  of 
the  bulk  of  the  fluid.  We  have  no  'other  indications  of  its 
beinir  a  force;  and  therefore  our  notions  of  its  mode  of  acU 
ing  mutt  be  derived  solely  from  what  we  understand  of  thia 
power  in  air  or  the  other  fluids.  Newton^s  Principia  are  our 
authority  for  saying,  that  all  that  we  know  of  it  is,  that  it 
acts  as  a  mimber  of  corpuscles  would  act,  which  repel  eadi 
other  with  a  force  inversely  proportional  to  their  distances; 
tbb  action  not  extending  beyond  the  adjoining  corpuscle, 
not  even  to  the  second.  We  know  a  good  deal  of  the  pro* 
pagation  of  pressure  and  progressive  motion  through  such 
a  fluid,  when  it  is  confined  in  a  vessel,  or  system  of  vessels, 
of  any  form,  and  some  few  simple  drcumstances  whidl 
take  place  in  the  clastic  undulations  which  may  be  excited 
and  propagated  through  it.  We  have  but  a  very  indistinct 
notioii  of  the  motions  which  one  mass  of  such  a  fluid  will 
produce  fa  another  mass,  when  both  are  at  liberty  to  ex* 
pand.  But  we  are  certain  that  it  will  be  like  the  npotion 
of  two  masses  of  air  blown  or  driven  against  each  other* 
Now  these  electric  fluids,  by  their  expansive  powers,  must 
act  like  those  others  with  which  we  are  more  familiarly 
acquainted.  And  here  we  venture  to  say,  that  the  api< 
pearances  in  electricity  are  so  far  from  being  like  these,  that 
we  cannot  imagine  any  thing  more  remarkably  diflerent 
We  shall  mention  but  one  thing.  Every  mark  that  we  have 
for  the  presence  of  electric  fluid  obliges  us  to  grant,  that  in 
an  overcharged  body  it  is  crowded  into  the  external  surface^ 
so  that  the  quantity  has  little  or  no  relation  to  the  quantity 
.f»f  matter  in  any  body  but  merely  to  its  surface.     This  is 
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<{uite  unlike  air,  or  any  olher  expannve  fluid,  which  ii  mL 
formly  distributed  through  the  whole  space  complrehendd 
by  the  surface  which  bounds  it  We  never  saw  any  tUqg 
like  streams  of  this  deUriefiUdj  impelling  or  any  way  aed^ 
on  each  other,  except  in  the  transference  by  sparks ;  sai 
there  it  was  indeed  like  the  motions  of  air,  for  it  was  ast 
dectriefluidf  nor  doctric  maittrj  but  eUctr^ed  air. 

Let  OS  next  oonader  the  tendeucies  by  which  the  rela^ 

of  these  expansive  fluids  to  other  bodies  are  produced,  mi 

the  electric  motions  are  said  to  be  explained.    We  obsens 

that  Mr.  de  Luc  aToids  the  use  of  the  words  attraditm  aai 

rtpdwmy  so  much  employed  by  the  British  philosophoib 

He  considers  these-tendencies  as  determinate  impulaaai» 

and  adopts  the  doctrine  of  £e  Sofp  of  Geneva,  who  has  nol 

only  laid  Newton  under  great  obligations,  by  a  mechanid 

explanation  of  gravity,  but  has  also  explained  expansion 

elasticity,  chemical  affinity,  and  all  specific  tendendes,  ti 

the  satisfaction  of  the  most  eminent  mathematicians.    T< 

such  only  Mr.  de  Luc  professes  to  address  himself,  who  ar 

not  contented  with  a  doctrine  which  supposes  bodies  to  ac 

where  they  are  not     But,  unfortunately,  Mr.  le  Sage  ha 

never  obliged  the  world  with  this  explanation.   We  are  nc 

most  eminent  mathematicians ;  but  we  are  able  to  provi 

that  Mr.  le  Sage's  favourite  theorem,  mentioned  by  Mr.  d 

Luc  in  $  157,  158.  as  demonstrated  by  Mr.  Prevost,  tfa 

editor  of  Luerece  Neutmden,  is  a  complete  dereliction  of  tl 

first  prindples  of  Mr.  le  Sage,  and  is  also  incompatible  wil 

mechanical  la^^s.    Mr.  de  Luc  should  have  given  a  demoi 

stration  of  the  theorem  on  which  all  his  system  rested ;  otbe 

wise  it  is  only  reviving  <<  dixit  philosaphusy  ergo  vertmu^ 

But  let  us  see  what  these  tendencies  perform.  Mr.  c 
Luc  says,  that  the  fluid,  setting  out  from  a  body  by  its  e: 
pannve  power,  would  move  in  a  straight  line  with  inconcei 
able  velocity,  and  would  immediately  desert  even  this  glol 
were  It  not  deflected  by  its  tendency  to  other  bodies.  VI 
po  nqt  see  whence  this  immense  velocity  is  derived.    Bi 
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fet  it  go  oflf ;  it  is  deflected  from  its  rectilineal  course  by  ils 
tendency  to  some  conducting  body,  which  it  reaches,  but 
cannot,  or  does  not,  enter ;  and  therefore  must  eofUinualfy 
drcuhUe  round  it,  as  the  phmtU  dreulate  round  the  sufij  follow- 
ing its  outline,  if  not  too  abrupt,  but  flying  off  from  all 
pmnts  in  the  directidn  of  the  axis  of  the  point,  fec^     Here 
we  are  at  home ;  for  this  is  a  plain  dynamical  problem  of 
central  forces.    All  that  we  shall  say  on  this  head  is,  tfant 
Mr.  de  Luc  has  certainly  not  considored'the  planetary  mo* 
lions  with  attention,  when  he  hazarded  this  tery  oompva- 
b^nsive  proposition.     If  he  will  take  the  trouble  to  do  tfaia^ 
he  will  see  that  every  part  of  it  is  inoonustent  with  the  a^ 
knowledged  laws  of  mechanism,  and  tliat  the  motions  ana 
absolutely  impossible.    Besides,  we  know  that  it  will  not 
fly  off  from  a  hundred  points  placed  together,  which  is  m 
still  more  abrupt  outline,  if  they  do  not  project  beyond  tbe 
Inrim  of  a  pit  in  which  they  stand ;  yet  diis  pit  only  makes 
the  outline  more  abrupt    We  farther  bdieve,  that  no  pei^ 
•aon  can  form  to  himself  any  distinct  notion  of  such  circuk^ 
tions  round  every  conducting  body ;  they  will  be  more  niK 
merous,  aud  infinitely  more  confused  and  jarring,  than  all 
the  vortices  of  Des  Cartes.    How  can  such  motions  take 
place  round  a  bunch  of  brass  wire  buried  in  sealing  wax? 
Yet  he  must  grant  that  they  really  happen  there ;  or  what 
prevents  the  dtctric  fluid  fh>m  being  strahitd  clear  of  all  dee- 
trie  matter  in  pasnng  through  the  air  ? 

We  would  also  ask,  why  the  tendency  is  always  yrom  the 
body  containing  most  t^  the  fluid  to  that  coniaining  least  f  Itia 
not  enough  to  say  that  it  is  so ;  this  would  only  be  contriv* 
ing  a  thing  to  suit  a  purpose ;  a  reason  should  be  given  if 
we  pretend  to  explain.  Now  the  tenden^  to  a  distant 
body  is  to  the  matter  in  that  body,  without  any  rektion  t» 
the  fluid  in  it,  OT  in  the  body  from  which  it  came. 

On  the  whole^  we  camiot  think  this  theory  ia  any  thing 
but  telling  a  story  of  ideal  bdngs,  in  very  figurative  Ian* 
guage,  which  gives  it  some  animation  and  interast.'   Tb* 
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-^K£Rsrent  affimtiea»  tendendes,  and  powers,  are  only  ways  of 
expressing  certain  s^q^posed  events^  and  suited  to  those  events; 
but  it  gives  no  explanation  of  the  observed  mechanical  pheno- 
mena of  electricity,  shewing  frott  acknowledged  principles 
that  they  must  be  so. 

What  a  di£Serence  between  this  laboured  and  intricate 
mechanism,  and  the  simple,  perspicuous,  and  distinct  theory 
.lof  iEpimis !  Evisn  Mr.  Russel'^s  explanation  is  more  intel- 
ligible, and  more  apfdicable  to  the  wiotions  which  are  really 
-observed.  That  gentleman  saw  the  necessity  of  ocmsider* 
iag  them  as  the  sul^ects  of  mechanical  iluctcmbii,  and  that 
all  that  was  wasted  was  to  find  out  what  law  of  distant  action 
would  tally  with  the  phenomena*  The  Scotch  philoscqpber 
was  careful  to  warn  his  bej^urers  that  he  only  proposed  a  co»- 
Jednre.  The  Swede  calls  his  performance  TaUamen  Theorim^ 
•kc  and  b^ins  and  concludes  it  with  expressly  saying,  that 
il  is  only  aAjfpo  littiii.  The  EngUsh  nobleman  calls  his  £s- 
aoti^n  an  JUemj^  to  explain  some  of  the  phenomena,  8ec 
JMfoDe  of  these  phikeophers  call  their  worics  a  SYSxaBif  which 
eomprehends  all  theories,  whether  that  of  Volta  or  of  any 
other  successful  inquirer. 

We  bope  to  be  excused  for  trea^dg  so  largely  of  this 
subject.  It  struck  ns  as  a  very  proper  examjde  of  the  bad 
consequences  of  indulging  in  figuraUve  language.  It  must 
be  very  sedudng,  whein  so  scrupulous  send  so  eminent  a  phi- 
losopher as  Mr.  de  Luc  is  led  astray  by  it. 

933.  We  conclude  this  long  ardcle  by  observing,  that 
whatever  may  be  the  fate  of  Mr.  JSpnus's  hypothetical 
theory^  his  classification  of  the  facts,  and  his  precise  deter- 
mination of  the  mechanical  phenomena  to  be  expected  from 
any  proposed  situation  and  condition  of  the  substances,  will 
ever  remain,  and  be  an  unerring  (Erection  in  future  experi- 
ments ;  and  the  whole  is  an  illustrious  specimen  of  ingenui- 
ty, address,  and  good  reasoning.  We  hope  to  make  tliis 
i^  more  evident,  wiien  we  apply  it  to  the  quiet  and  ma- 
nageable phenomena  of  Magnxtism. 


APPENDIX ; 


anrr&nmM  av  AtsriAct  of  hb.  covloxis  ezhjuiumts. 

S94:  Mk.  CovioMB  in  the  Jfnn.  de  fAcai.  de  Parti  for 
1786,  relates  several  experiments  made  for  asccrtainisg  the 
dtqjoeibon  or  distribution  of  the  electric  fiuid  in  an  over 
dmrged  body.     Their  general  resuitB  were, 

1.  That  th«  fluid  is  distributed  aooag  bodies  aecordicg 
to  tbeiT  figure,  iritfaout  any  elective  affinity  to  any  kind  ot' 
flubatancc 

For  w\ten  «  ball,  or  body  of  conducting  matter,  and  of 
any  shi^,  is  dectiified  to  any  particular  degree,  as  indica- 
ted by  hu  eJectranieter,  if  it  be  touched  by  another  equal 
and  sintiar  body,  sbnilarly  situated  in  resp^t  of  the  touch- 
ing ptHots,  the  electricity  ii  alvays  reduced  to  4. 

2-  In  an  ov^chorged  conducting  body,  the  fluid  diffuies 
itself  entirely  along  the  surface,  without  penetrating  into 
the  interior  parts. 

The  conducting  body  AB  (Plate  II,  fig.  1 3.)  had  pita  a,  J, 
&e.  made  in  various  parts  of  its  surface.  They  were  half  an 
inch  in  diameter,  and  some  of  them  T^th,  others  ,V'*is>  "thers 
.f^ths,  &C.  in  depth,  c  represents  the  edge  of  a  small  circle 
,  of  gilt  paper,  fth  of  an  inch  in  diameter,  fixed  perpendicu- 
larly OB  the  end  of  a  fine  thread  of  gum  Iac<  The  body  was 
dcctiified  and  touclied  with  tliis  little  eli?ctroecope,  by  set- 
ting it  Sat  down  on  the  surface.  The  circle  c  was  then  pre- 
anted  to  an  electrometer  which  moved  90  degrees  by  a  force 
not  exceeding  r,.^^th  of  a  French  grain.  Wben  thiacoiitact 
WM  made  with  the  even  surface  of  the  conductor,  it  was 
strongly  clcctriticd,  and  particularly  when  it  tauched  any 
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eminence,  or  the  ends  of  long  cy  linders,  &c  The  paper  being 
exceedingly  thin,  and  placed  in  full  contact,  it  may  be  sup* 
poaed  to  bring  off  with  it  the  quantity  of  fluid  corresponding 
to  that  part  of  the  surface,  or  rather  a  greater  quantity.  But 
^hen  it  was  made  to  touch  the  bottom,  even  of  the  shallow- 
est  of  these  pits,  it  did  not  affect  the  electrometer  in  the 
least 

He  demonstrates  the  following  elementary  theorem : 
The  attraction  or  repulsion  being  supposed  to  be  pro- 
portional to  the  inverse  of  any  power  m  of  the  distance ; 

that  is,  being  as  ~;r-  if  ^  be  greater  than  3,  the  action  of 

all  the  masses  of  fluid  which  are  at  a  finite  distance  is  no* 
tiring  in  comparison  with  the  action  in  contact ;  and  there- 
foie  the  fluid  must  be  uniformly  diffused^  in  the  same  way 
as  if  each  particle  acted  only  on  the  adjoining  pardcles. 

But  if  M  be  less  than  3,  for  example  if  m  be  8,  as  seems 
to  be  the  case  in  electiicity,  the  action  of  all  the  masses  at  a 
finite  distance  is  not  infinitely  small  in  comparison  with  the 
action  in  contact,  and  the  redundant  fluid  must  go  toward 
the  surface,  and  no  redundant  fluid  will  be  retained  in  the 
interior  parts.     The  demonstration  is  to  this  effect* 

Let  A  a  BF  (Plate  II.  fig.  14)  be  a  perfectly  conducting 
body  of  any  shape,  and  let  d  a  ehea.  thin  slice  separated 
from  the  rest  by  the  plane  d  e;  let  dc  ehe  predsely  equal 
and  similar  to  J  a  e  ,  and  let  a  6  ^  be  perpendicular  to  the 
separating  plane ;  then  the  action  of  all  the  particles  in  the 
thin  slice  da  e  (when  estimated  in  the  direction  a  b)  on  the 
pertide  6,  must  balance  the  action  of  all  the  rest  of  the  fluid 
in  the  body ;  for  b  is  supposed  to  be  at  rest '  Now,  as  the 
law  of  continuity  will  be  observed  in  any  distribution  of  the 
fluid,  through  the  whoU  body^  it  is  plam^that,  by  taking  a  h 
auffidently  small,  the  difference  of  density  at  a  and  at  c  may 
be  infinitely  small ;  therefore  the  action  of  the  fluid  in  d  at 
will  be  infinitely  near  to  an  equilibruim  with  the  action  of 
dcff  and  the  action  of  the  fluid  in  the  rest  of  the  body  on 
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Itfete  6  will  be  infinitely  small.  This  cannot  be,  when 
Ittni  of  a  mass  of  fluid  at  a  finite  distance  is  not  in> 
\f  small  in  comparison  with  the  action  in  contact,  un. 
»  suppose  that  the  quantity  of  fluid  at  a  finite  distance 
Itefinitely  small,  or  nothing ;  that  is,  unless  the  vholo 
iaait  fluid  ia  constipated  on  the  surface,  and  the  inCe^ 
■rts  are  merely  saturated. 

K  preced'mg  propositions  are  quite  analogous  to  propo- 
lis Mr.  Cavendish's  dissertation  in  the  Philosophical 
Iwioosfor  1771. 

b- In  the  Memoirs  of  the  same  Academy  for  1787,  Mr. 
hb  endeavours  lo  ascertain  the  density  of  the  fluid 
|Knt  bodies  which  toucli  each  other.  When  the  bo- 
s  Dot  differ  extremely  in  magnitude,  he  determines 
f  the  immediate  application  of  them  to  the  electrome- 
tHit  when  one  is  extremely  small  in  componson  with 
her,  he  fim  determines  the  force  of  the  large  body, 
ben  touches  it  20  or  40  times  with  the  small  one*  till 
lee  of  the  lai^  body  is  reduced  lo  4,  ji  h  &c.  The 
ll  result  was,  that  when  the  surfaces  of  the  spheres  had 
qportioD  expressed  in  the  first  column  of  the  following 
men  the  density  in  the  small  one  had  the  proportion 
led  by  the  numbers  of  the  second  column,  and  never 
U  the  magnitude  ?. 

1. 
-       .-         -        1,08. 

1,3. 
-       -        -       1,65. 
Infinite         -      -         -         -      2. 
lis  extremely  different  from  the  proportions  which 
D  the  two  spheres  communicate  by  very  long  slm- 
lli*t  which  he  found  exactly  conformable  to  the  de- 
pliiHis  of  the  theory :    but  in  Mr.  Coulomb's  experl- 
tiie  spheres  touched  each  other,  and  bad  no  other 
Ideation. 

r    '  --'' 
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He  then  endeavours  to  aaoertain  the  density  of  the  fluid 
in  the  different  parts  of  the  surface  of  these  touching  spheresp 
in  order  to  obtain  some  experimental  knowledge  of  the  dis- 
tribution. He  touched  them  (While  in  mutual  contact) 
with  the  little  paper  eirde,  and  examined  its  electricity  by 
Ids  electrometer,  and  made  his  estimation,  on  the  supposi- 
tion  that  it  brought  off  one^half  of  the  electricity  of  the 
touched  part. 

•  2S6.  When  the  globes  were  equal,  he  fimnd  the  dennty  to 
be  0  in  the  point  of  ocmtact,  and  scarcely  sensible  till  he  took 
the  paper  SO  degrees  from  the  point  of  contact  From  this 
it  increased  rapidly  to  60o;  slowly  from  thence  to  9(K;  and 
from  thence  to  iSOo  it  was  afanost  unilbnn.  The  densities 
wn  nearly 

0       •       •       St        .       •       CO; 

I  -  -  ~  *  •  SO. 

$,n     ..«--•     60. 

4^78  m  m  ^  m  m  90. 

SfiS  •  -  —  *  -  180. 

He  also  found,  that  the  more  the  globes  differed  in  bulk, 
the  more  is  the  denu^  changed  in  the  small  globe,  and  it 
is  the  more  uniform  in  the  great  one,  increasing  rajudly 
from  0,  at  the  point  of  contact,  to  about  7^  and  beyond  this 
being  sensibly  uniform*. 

Hence  we  may  conclude,  that  the  electricity  is  diffused 
with  almost  perfect  uniformity  in  a  globe  communicating 
with  another  at  a  great  distance  by  a  slender  canal  (as  Mr. 
Cavendish  has  demonstrated) ;  while,  from  the  reasoning 
employed  before,  it  is  probable  that  it  is  also  uniformly  dif- 
fused all  along  the  canal ;  and  therrfore,  that  the  quantities 

*  A  very  fiiU  account  of  Conlonib's  experiments  on  Uie  electrical  density  of 
two  globes  in  contact ;  on  tbe  dbtribution  of  Ete^city  among  several  globes 
plneed  in  contact  in  a  straight  tine  ;  on  the  distributioB  of  Blectricity  over  seve« 
tal  anequal  globes,  and  ou  its  distribution  between  a  globe  and  eylinders  of  dif- 
ferentlengthssyill  be  found.in  the  Edinburgh  Encydo^adia,  Art.  Electricitv^ 
VOL  f  iii.  p.  459,  457.    Ed.' 
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j&ln  such  globes  tee  very  nearly  as  tbe  diaiueters,  and  the 
iaaties  inversely  as  the  diameters,  as  Mr.  Caveo^sh  de- 
nanstr&Ied,  on  the  suppositjoa  that  tbe  fluid  in  the  caaal 
ii  incompressible. 

He  found  that  a  small  globe,  placed  between  two  equally 
iirge  ooes,  shewed  electricities  of  the  .aame  kind  with  ihm 
cf  the  otber  two,  when  the  radius  of  the  great  one  was  not 
more  than  five  times  that  of  the  middle  one,  but  ahewed  no 
«lectricity  when  the  diaproportion  was  greater. 
£37.  Whea  three  equal  globes  were  in  contact,  the  density 

offluid  in  the  middle  globe  was  t-ht  of  that  of  the  other  two- 

A  smaU  globe  being  jemoved  to  a  Tcry  small  distance  from 
■n  overcharged  great  one,  after  having  been  in  cmtlact,  shew- 
ed opponte  electrituty  in  the  fronting  point ;  when  a  little 
futher  off,  it  was  neutral ;  and  beyond  this,  it  was  over- 
charged. 

The  diameters  behig  1 1  and  8,  tbe  fronting  point  of  the 
small  one  was  negative  till  the  distance  was  1  ;  hece  it  was 
Deutnl,  and  when  it  was  removed  farther,  it  was  positive. 
When  the  diametera  were  1 1  and  4,  the  small  globe  was  ne- 
gative till  their  distonoe  was  2,  where  it  was  neutral.  When 
Ihs  diameteTs  were  11  and  3,  tbe  dbtance  which  rendered 
the  small  gk^  neutral  in  the  fronting  pdnt  was  Sj. 

All  these  fasts  ore  perfectly  confunnable  toa  malbenati- 
cal  deduction,  from  the  supposition  that  tbe  redundant  fluid 
ii  spread  over  the  surface,  and  that  the  interior  points  are 
neuual.  If  any  sort  of  doubt  should  remain  in  the  minds 
of  those  who  are  not  conversant  in  such  discussions,  it  must 
be  greatly  removed  by  the  fact,  that  it  is  quite  indiiferent 
vhetber  one  or  both  globes  be  solid,  or  be  an  extremely  thin 
ibdi. 

When  an  electrified  body  is  touched  with  a  long  wire, 
lad  by  another  of  equal  diameter  and  length,  coated  to  any 
thickness  with  lac  or  sealing  wax,  the  two  wires  take  offpre- 
dsely  the  same  quantity  of  electricity.     This  was  demon. 
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8trated  by  toudiiiig  a  globe  repeatedly  ti&  tbe  electiicity 
reduced  to  4. 

Hence  we  must  conclude,  that  the  electric  fluid  does 
form  active  atmospheres  around  bodies,  by  the  actio 
whose  panicles  in  contact  (mathematical  or  physical] 
phenomena  of  attraction  and  repulsion  are  produced, 
by  the  action  of  the  fluid  in  the  body,  agreeable  to  the  i 
ry  of  JSpinus. 

Such  are  the  observations  of  Mr.  Coulomb.  The^ 
extremely  valuable,  because  they  confirm  in  the  compl 
manner  the  Intimate  consequences  of  the  theory. 

We  think  that  the  materiality  of  that  which  is  transfe 
from  place  to  place  in  the  exlubition  of  electric  phenon 
is  greatly  confirmed  by  some  observations  of  Dr.  Wil: 
in  the  Pantheon.  When  a  spark  was  taken  from  the  w 
of  the  long  wire  extended  in  that  vast  theatre,  the  senss 
was  so  different  from  a  spark  which  conveyed  even  a  n 
greater  quantity  of  fluid  from  a  pretty  large,  but  com] 
surface,  that  they  could  hardly  be  compared.  The  last 
like  the  abrupt  twitch  with  the  point  of  a  hooked  pin, 
pulling  off  a  point  of  the  skin ;  the  spark  from  the 
wire  waa  more  like  the  forcible  pierdng  with  a  needle, 
very  sharps  breaking  the  skin,  and  pudiing  it  inward, 
had  this  account  from  the  Doctor  in  ocmversation.  H< 
cribed  it,  with  seeming  justice,  to  the  momentum  acqu 
by  the  fliud  acoeleraled  along  that  great  extent  of  wire. 


MAGNETISM. 


I'uz  Inowledge  which  the  anti«nt  naturalists  possessed 
oflhissubject  was  extremely  imperfect,  aodafltirds  the  strong- 
est proof  of  their  ignorance  at'  the  true  method  of  philoso- 
phiaiog ;  for  there  can  hardly  be  named  any  object  of  phy- 
acal  research  that  is  more  curious  in  itself,  or  more  likely 
to  engage  attention,  than  the  apparent  life  and  activity  of  a 
pece  of  rude  unorganised  matter.  This  hod  attracted  no- 
tioe  in  very  early  times ;  for  Tbales  attributed  the  charnf- 
teristic  phenomenon,  the  attraction  of  a  piece  of  iron,  to  the 
agency  of  a  mind  or  soul  residing  in  the  magnet.  Philosu- 
jdiers  seem  to  have  been  contented  with  this  lazy  notice  of 
a  slight  suggestion,  unbecoming  an  inquirer,  and  rather 
such  as  might  be  expected  from  the  most  incurious  peasant. 
Jlven  Aristotle  has  collected  no  information  that  is  of  anj 
importance.  We  know  thai  the  general  imperfection  of  an- 
cient physics  has  been  ascribed  to  the  Utile  importance  that 
vu  attAched  to  the  knvwkdge  of  the  material  wurld  by  tlie 
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philosophers  of  Greece  and  Rome^  who  thought  human  na- 
turt,  the  active  pursuits  of  men,  and  the  science  of  public 
aflbirsy  the  only  objects  deserving  their  attenticm.  Most  of 
the  great  philosc^ers  of  antiqui^  were  also  great  actors  on 
the  stage  of  human  life^  and  despsed  acquisitions  which  did 
not  tend  to  accomplish  them  for  this  dignified  em|doyment: 
but  they  have  not  given  this  reason  themselves,  though  none 
was  more  likely  to  be  uj^rmost  in  their  mind.  Socrates 
^seoades  from  the  study  of  material  nature,  not  because  it 
unworthy  of  the  attention  of  hb  pupils,  but  because  it 
too  difficult,  and  that  certain^  was  not  attainable  in  it 
Nothing  can  more  distinctly  prove  their  ignorance  of  what 
is  veally  attainable  in  science^  namely,  the  knowledge  of  the 
Ism  ofnaiurif  and  their  ignorance  of  the  only  method  of  ac- 
quiring this  knowledge,  viz.  observation  and  experiment 
They  had  entertained  the  hopes  of  discovering  the  causes  of 
things,  and  had  formed  their  philosophical  language,  and 
their  mode  of  researdi,  in  conformity  with  this  hopeless 
project  Making  little  advances  in  the  discovery  of  the 
causes  of  the  phenomena  of  material  nature,  they  deserted 
this  study  for  the  study  of  the  conduet  of  man  ^  not  because 
the  discovery  of  causes  was  more  easy  and  ftequent  here, 
but  because  the  study  itself  was  more  immediately  interest- 
ing, and  because  any  thing  like  superior  knowledge  in  it 
puts  the  possessor  in  the  denrable  situation  of  an  adviser,  a 
man  of  superior  wisdom ;  and  as  thb  study  was  closely  con- 
nected with  morals,  the  character  of  the  pUlosopher  acquir- 
ed an  eminence  and  dignity  which  was  highly  flattering  to 
human  vanity.  Their  procedure  in  the  moral  and  intellec* 
tual  sdences  is  strongly  marked  with  the  same  ignorance  of 
the  true  method  of  philosopbiang;  for  we  rarely  find  them 
forming  general  propositions  on  coj»ous  inductions  of  facts 
in  the  conduct  of  men.  They  always  proceed  in  the  synp 
thetic  method,  as  if  they  were  fully  conversant  in  the  first 
principles  of  human  nature,  and  had  nothing  to  do  but  to 
ntake  the  application,  according  to  the  establi^ed  forms  of 


fc  Whib  w«  admn^  thevefoiey  the  iogacky,  ^ 
«%  dv  MBdii  obRrvatimi,  and  Um  Jiappj  iUastration, 
I  Aaid  ai  tht  wviiks  of  the  andent  mondiata  and  writ- 

wd  poUtiGB,  we  eannoC  but  lunent 
fiiBqutntly  engaged  in  public  affiur% 
having  the  finest  oppormoities  ibrdednctng 
taMie  dene  ao  littk  in  this  way ;  and  that  their 
Wf^  hunwpar  ngagingand  piecious^  cannot  he  conn- 
i  m  mfAiog  mmw  refined  than  the  observations  of 
isnanni  wmhj  men,  with  all  the  diffuseness  and  repe- 
i  &t  Mdhasy  conversatim.  All  this  has  arisen  from 
■at  if  •  jaal  Botion  of  what  ia  attainable  in  thia  deparu 
of  aoiaaea^  MBMiy>  the  laws  of  intellectual  and  motil 
W|  aad  cf  ^Aa  only  possible  method  of  attaining  this 
ia%a^  wift^hssrvadon  and  experiment^  and  the  forma* 
€§ssMSiBl  kwv  by  the  induction  of  particular  facts. 
A.  Ww  hsM  bean  led  into  these  reflections  by  the  inal* 
a^«f  ikMBMlslo  the  curious  phenomena  of  magnet- 
occurred  in  considerable  and  enter- 
peraon  who  had  taken  to  the  expeii- 
And  we  baye  haaaided  these  free  remarks^ 
of  our  readers^  because  the  su- 
wlrich  we,  in  these  later  days,  have  ac- 
d  0f  the  nagnetical  phenomena,  were  the  first  fruits  of , 
of  philosophising.  This  was  poitited  out 
world  IB  1500  by  our  celebrated  countryman 
in  Ins  two  great  works,  the  Nwum  Orgm^ 
and  Dt  JrgmuntiM  Sciaiiiarwn.  Dr.  Gilbert 
'9  a  philoaopber  of  eminenoe  in  many  respects, 
Mi^  bteauae  he  had  the  same  just  views  of  philoaopiiy 
eountryman,  published  about  the  same  time 
ia  NrnfOf  Mm  TVacttOua  de  Magnde  tt  CvrpwQms 
In  die  imaodQclion,  he  recounts  all  the  know- 
kMEdM  antiairta  OB  the  aubjeet,  and  their  supine  inat^ 
fl»M  what  was  ao  encnrdy  in  their  hands;  and  the  im- 
of  ovtff  adding  to  the  stock  of  useful  knowledge 


80  long  as  nien  imagined  themselvet  to  be  philosopliising 
while  they  were  only  repealing  a  few  cant  words,  and  the 
unmeaning  phrases  of  the  Aristotelian  school.  It  is  curious 
to  remark  the  almost  perfect  sameness  of  Dr.  Gilbert's  senti* 
ments  and  language  with  those  of  Lord  Bacon.  They  both 
cbarge,  in  a  peremptory  manner,  all  those  who  pretend  to 
inform  others,  to  give  over  their  dialectic  labours,  which  are 
nothing  but  ringing  changes  on  a  few  trite  truths,  and  many 
unfounded  conjectures,  and  immediately  to  betake  themselves 
to  experiment.  He  has  pursued  this  metliod  on  tlie  subject 
of  magnetism  with  wonderful  ardour,  and  with  equal  genius 
and  success;  for  Dr.  Gilbert  was  possessed  both  of  great  in- 
iquity, and  a  mind  fitted  for  general  views  of  tilings.  The 
work  contains  a  prodig^us  number  and  variety  of  observa- 
tions and  experiments,  collected  with  sagacity  from  the  writ- 
ings of  others,  and  instituted  by  himself  with  considerable  ex- 
.pence  and  labour,  It  would  indeed  be  a  miracle  if  all  Dr.  G'd- 
bert  s  general  inferences  were  just,  or  all  his  experiments  ac- 
curate.   It  was  untrodden  ground.    But,  on  the  whole,  this 
performance  contains  more  real  information  than  any  writing 
of  the  age  in  which  he  lived,  and  is  scarcely  exceeded  by 
any  that  has  appeared  since.    We  may  hold  it  with  justice 
as  the  first  fruits  of  the  Baconian  or  experimental  philo- 
aophy. 

Thb  work  of  Dr.  Gilbert's  relates  chiefly  to  the  loadstone, 
and  what  we  call  magnets,  that  is,  pieces  of  steel  which  have 
acquired  properties  similar  to  those  of  the  loadstone.  But 
he  extends  the  term  magnetism^  and  the  epithet  magnetic,  to 
all  bodies  which  are  affected  by  loadstones  and  magnets  in 
a  manner  similar  to  that  in  which  they  affect  each  other. 
In  the  course  of  his  investigation,  indeed,  he  finds  that  these 
bodies  are  only  such  as  contain  iron  in  some  state  or  other : 
and  in  proving  this  limitation,  he  menUons  a  great  variety 
of  phenomena  which  have  a  consideraUe  resemblance  to 
those  which  he  allows  to  be  magnetical,  namely,  those  which 
he  called  ekclrkal,  because  they  were  produced  in  the  same 
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Waj  thit  amber  is  made  lo  attract  and  repel  light  bodies. 
tbsarltB  with  care  the  distinctions  between  these  and  tlie 
cUnuteristic  phenomena  of  magnets.  He  seems  to  have 
llBoirn,  tliat  hII  bodies  may  be  rendered  electrical,  while  fer- 
tu^vous  Eubstaoces  alone  can  be  made  magneticai. 

2*0.  It  is  not  saying  loo  much  of  this  work  of  Dr.  Gilberf  b 
toiJEmi,  that  it  contains  almost  every  thing  that  we  kooir 
>bout  uagDetisin.  His  unwearied  diligence  in  searching 
every  writingon  tlie  subject,  and  in  getting  information  frota 
luvigaton,  aad  hie  incessant  otTcupalion  in  experiments,  hare 
Jtfft  'trf  few  facts  unknown  to  him.  We  meet  with  many 
^api  in  the  writings  of  posterior  inquirers,  some  of  them 
(^liigb  reputation,  and  of  the  present  day,  which  arc  pub-  ' 
«i^vi  and  received  as  notable  discoveries,  but  are  contained 
><>  the  rich  cotleclioa  of  Dr.  Gilbert.  Dr.  Gilbert^s  bot^, 
«ithough  one  of  thoae  which  di>es  the  highest  honour  to  our 
country,  is  Icsa known  in  Britain  than  on  the  Continent.  Ii^ 
deed  we  know  but  of  two  British  editions  of  it,  which  are 
both  in  Latin :  and  we  have  seen  live  editions  published  in 
Germaoy  and  Holland  before  16^8.     We  earnestly  recom- 

t'^iend  it  to  the  peruMil  of  the  curious  reader.  He  will  tind 
IDOre  facts  in  it  than  in  the  two  large  folios  of  Scarella. 
341.  In  mechanical  philosophy,  a  phenomenon  is  not  to  be 
considered  as  e:tplained,  unless  we  can  shew  that  it  is  the  cer- 
tain result  of  the  laws  of  motion  applied  to  matter.  It  is  In 
tlus  way  that  tlie  general  propositions  in  pfiysical  astronomy, 
,%  the  theory  of  machines,  in  hydraulics,  he.  are  demonstra- 
i%d.  But  (he  phenomena  called  tmignttical  have  not  as  yet 
nbtained  such  an  enpUnation.  We  do  not  see  their  imme-  ^ 
cause,  nor  can  we  say  with  conHdence  that  they  are  the 
ilSeelsof  any  pariictdar  kind  of  matter,  acting  on  thebodia 
idtiier  by  impulsion  or  pressure. 

■  All  that  can  be  done  here  is  to  class  the  phenomena  in  the 
)HD*t  distinct  manner,  according  to  their  generality.  In  this 
iffe  obtain  a  twu-fuld  advantage.  We  may  take  it  fur  grant- 
td'that  the  most  general  phenomenon  is  the  nearest  allied  to 
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the  geneiid  caiise.  But,  farther,  we  obtain  by  this  method 
a  tme  theory  of  all  the  subordinate  phenomena.  For  a  jti0( 
thedry  is  only  the  pointing  out  the  general  fact  of  whicb 
thd  phenomenon  under  consideration  is  a  particular  instnoe. 
Beginning  therefore  with  the  phenomenon  which  oompitf- 
hends  all  ^e  particular  cases^  we  explain  those  cases  in 
ahevring  «a  wkai  imamtr  they  are  indnded  fai  the  gennl 
phenomenon,  and  thus  we  dudl  be  able  to  predict  whaliffl 
be  Ae  reault  of  putting  tlie  body  under  consideration  ioto 
any  particular  situation.  And  perhaps  we  may  findi  in 
them  all,  coincidences  which  will  enable  us  to  shew  tint 
thqr  are  all  modifications  of  a  fact  still  more  genenl.  If 
we  gain  this  pcunt,  we  shall  have  established  a  comptele 
theoty  of  them,  having  discovered  the  general  fact  in  whidi 
they  are  all  comprehended.  Should  we  for  ever  ledriui 
ignorant  of  the  cause  of  this  gisneral  fact,  we  have  nevci' 
theless  rendered  this  a  complete  branch  of  mechanical  thMj 
Nay,  we  may  perhaps  discover  such  citciimstattoea  df  it 
semblance  between  this  general  fkct  and  others,  vrith  whid 
we  are  better  accquainted,  that  we  shall,  inth  great  proiii 
bility  at  least,  be  able  to  assign  the  cause  of  the  geiM 
fact  itself,  by  shewing  the  law  of  which  it  is  a  particular  it 
stance. 

We  shall  attempt  this  method  on  the  present  ocearion. 

842.  The  lead'mg  facts  in  magneusm  are  the  two  foBoa 
ing: 

1.  If  any  oblong  piece  of  iron,  such  as  a  bar,  rod,  or  wil^ 
be  so  fitted,  that  it  can  assume  any  direction,  it  will  arraa| 
itself  in  a  certwn  det^minate  direction  with  respect  to  A 
axis  of  the  earth.  Thus,  if,  in  any  port  of  Britain,  an  ire 
or  steel  wire  be  thrust  through  a  piece  of  cork,  as  i^epr 
aented  in  Plate  III.  fig.  1.  so  as  that  the  whole  may  am 
levd  in  water,  and  if  it  be  laid  in  the  water  nearly  ndrtl 
west  and  south-east,  it  will  slowly  change  its  position,  ar 
finally  siettle  in  a  direction,  making  an  angfe  of  about  S 
dqpDees  widi  the 
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f      Tint  experiment,  which  we  ow«  to  Dr.  Gilbirt  (we  B.  L 

W    d  11,),  is  delicate,  and  requires  attentian  to  mny  ctreina* 

V    tucti.    The  force  with  whicli  the  inn  ttada  toward  thw 

■    bil  position  id  extremely  weak,  and  will  be  balMwi  faj 

P    TOjr  minute  and  otherwise  ineenBUe  HMfntm  ;  but  we 

hkvt  never  found  it  foil  when  executed  ■■  faari  ifineted. 

An  iron  wire  of  the  size  of  an  ordinaty  quill,  and  aboat 

a^t  or  ten  inches  long,  is  very  fit  for  the  parpow.     It 

diould  be  thrust  through  the  ctvk  at  ri^  angle*  to  its 

axis ;  and  mt  adjusted,  by  repeated  trials,  as  to  smm  lenL 

cr  pertUd  to  the  horiion.     The  e^wrinMBt  must  alio  be 

Laade  at  a  great  distance  from  all  iioa;  tberefiminab 

IV  soote  other  metal  or  earthen  ware.     It  loay  • 

■Rquire  a  very  long  while  before  the  notioD  b^^ ;  and  if 

nlie  wire  has  been  placed  at  right  anglra  to  the  diitetioa 

p^ludi  we  have  mentioned  as  final,  it  wiU  never  change  its 

I  fositooD ;  therefore  we  Iiave  directed  it  to  be  lud  in  a  di* 

nctioa  not  too  remote,  yet  very  sem^y  dififcnt  fnaa  the 

final  direction. 

But  this  is  not  the  true  position  aSeetcd  by  the  inn  rod. 

If  it  be  thrust  through  a  piece  of  wood  or  coiic  petftctly 

tfhmaii,  in  such  a  manner  that  it  pastes  through  ita  centre, 

■ad  if  the  centre  of  gravity  coincide  with  this  cenlve,  and 

|>  lbs  whole  be  of  such  weight  as  lo  remain  in  any  part  of  the 

I  ^IWer,  without  cither  ascending  or  descending,  then  it  will 

'    flaslly  settle  in  a  plane  inclined  to  the  meridian  about  25o, 

and  Uie  north  end  will  be  depressed  about  73°  below  the 

hotiaon. 

All  this  is  equivalent  with  saying,  that  if  soy  Momf 
piece  of  iron  or  sted  be  very  nic^y  pinaed  an  ita  ocntas  of 
gravity,  and  at  perfect  liberty  to  turn  roaad  that  aeaMMHl 
eroy  direction,  it  will  finally  Uk«  the  poutisa  aMr<  MSB- 
tined. 

We  faaire  iarther  to  observe  with  regifd  to  this  expetv 

mnt.  that  it  is  indifferent  which  end  <tf  the  rod  be  plaocd 

tnmd  the  north  in  the  begiiung  of  the  MtpoaMtt.    That 
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end  will  finally  aettle  toward  the  north ;  and  if  the  exgtti^ 
ment  be  repeated  with  the  same  rod,  but  with  the  other  eAd 
north,  it  will  finally  settle  in  this  new  attitade.  It  is,  how- 
ever, not  always  that  we  find  pieces  of  iron  thus  perfectly 
indifferent.  Very  frequently  one  end  affects  the  northoly 
poution,  and  we  cannot  make  the  other  end  assune  ki 
place :  the  causes  of  tliis  difference  will  be  clearly  seen  bjf 
and  bye. 

243.  The  posiuon  thus  affected  by  a  rod  of  iron  is  called 
by  Dr.  Gilbert  the  magnetical  position  or  DiaECTiov. 
It  is  not  the  same,  nor  parallel,  in  all  parts  of  the  earth,  iSr 
will  be  more  particularly  noticed  afterwards. 

244.-2.  The  other  leading  fact  is  tliis :  When  a  piece  of 
iron,  lying  in  the  magnelical  position,  or  nearly  so,  and  at 
perfect  liberty  to  move  in  every  direction,  is  approached  by 
another  oblong  piece  of  iron,  held  nearly  in  the  same  posi- 
tion, it  is  attracted  by  it ;  that  is,  tlic  moveable  piece  of 
iron  will  gradually  approach  to  the  one  that  u  presented  to 
it,  and  will  at  last  come  into  contact  with  it,  and  may  then* 
be  slowly  drawn  along  by  it 

This  phenomenon,  although  not  so  delicate  as  the  former, 
is  still  very  nice,  because  the  attraction  is  so  weak  that  it  is 
balan^  by  almost  insensible  obstructions.  But  the  expeii- 
mcnt  will  scarcely  fail  if  conducted  as  follows :  Let  a  strong 
iron  wire  be  made  to  float  on  water  by  means  of  a  piece  of 
cork,  in  the  manner  already  described,  having  one  end  un- 
der water.     See  Plate  III.  fig.  1.  B. 

When  it  is  nearly  in  the  magnetical  position,  bring  the 
end  of  a  pretty  big  iron  rod,  such  as  the  point  of  a  new 
poker,  within  a  quarter  of  an  inch  of  its  southern  end  (hold* 
ing  the  poker  in  a  position  not  very  different  from  the  mag« 
netieal  position),  and  hold  it  there  for  some  time,  not  exact- 
ly southward  from  it,  but  a  little  to  one  side.  The  floating 
iron  will  be  observed  to  turn  towards  it  with  an  accelerated 
motion  ;  will  touch  it,  and  may  then  be  drawn  by  it  through 
the  water  in  any  direction.    We  sliall  have  the  same  result 
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Vy  approaching  the  nortliern  extremity  of  the  floating  iron 
with  the  upper  end  of  the  poker. 

The  same  phenomena  may  be  observed  by  suspending 
.the  first  piece  of  iron  by  its  middle  by  a  long  and  slender 
Jiair  or  thread.  The  suspension  must  be  long,  otherwise 
the  stiffness  of  the  hair  or  thread  may  be  sufficient  for  ba* 
lancing  the  very  small  force  with  which  the  pieces  of  iron 
tend  toward  each  other.  Tiie  phenomenon  joiay  also  be  ob- 
served in  a  piece  of  uron  which  turns^  freely  on  a  fine  pmnt, 
.like  the  needle  of  the  mariner's  compass. 

In  this,  as  in  the  former  experiment,  the  ends  of  the 
.pieces  of  iron  ,are  observed,  in  general,  to  be  indifierent; 
,that  is,  .either  end  of  the  one  will  attract  either  end  of  the 
other.  It  often  happens,  however,  that  the  ends  are  not 
^us  indifferent,  and  that  the  end  of  the  moveable  piece  of 
iron,  instead  of  approaching  the  other,  will  be  observed  to 
recede  from  it,  9,nd  appear  to  avoid  it.  We  shall  soon  lea!tn 
the  cause, of  this  difierence  in  the  states  of  iron. 

245.  It  is  scarcely  necessary  to  remark,  that  we  must  infer 
from  these  experiments,  that  the  action  is  niutual  between 
the  two  pieces  of  iron.  Either  of  them  may  be  the  moTen- 
ble  piece  which  appro^hes  the  other,  manifesting  the  at- 
traction of  that  other.  This  reciprocity  of  action  will  be 
abundantly  verified  and  explained  in  its  proper  place. 

246.  These  two  facts  were  long  thought  to  be  peculiar  to 
loadstones  and  artificial  magnets,  xhat  is,  pieces  of  iron  which 
have  acquired  this  property  by  certain  treatment  with  load- 
stones ;  but  they  were  discovered  by  Dr.  Gilbert  to  be  in- 
herent in  all  iron  in  its  metallic  state ;  and  were  thought  by 
him  to  be  necessary  consequences  of  a  general  principle  in 
the  constitution  of  this  globe.  These  phenomena  are  in- 
deed much  more  conspicuous  in  loadstones  and  magnets ; 
and  it  is  therefore  with  such  that  experiments  are  best  made 
for  learning  their  various  modifications. 

847.  But  there  is  another  circumstance^  besides  the  degree 
/pf  vivacity,  in  which  the  magnetism  of  conuqQn  irpn  and 
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steel  nuarinfaly  diffbv  froai  that  ofakiditioBeOT 
When  a  loadstone  or  magnet  is  so  supported  as  to  be  at  K> 
berty  to  take  any  position,  it  arranges  its^  in  the  migpeti- 
eal  diiectian,  and  one  deUrmmed  endofit  settles  in  the norii* 
«m  quarter;  and  if  it  be  placed  so  that  the  other  end  iiin 
that  situation,  it  does  not  renudn  there,  but  gradually  tons 
found,  and,  after  a  few  oscillations,  the  sosie  mtd  ultimsl^ 
eetdes  in  the  north.  This  is  distinctly  seen  in  the  needb 
€if  the  mariner^s  compass,  which  is  just  a  small  magnet  pre- 
pared in  the  same  way  with  all  other  maimets.    The  ssf^ 

north  or  the  south  ends ;  whereas  we  said  that  either  end 
of  a  piece  of  common  iron  being  turned  to  the  mrtfian 
quarter,  it  finally  settles  there. 

It  is  this  circumstance  which  has  rendered  magnetism  so 
precious  a  discovery  lo  mankind,  tiy  furnishing  us  with  the 
compass,  an  instrument  by  whidi  we  kani  the  difapeat 
quarters  of  the  horisoti,  and  which  thus  tdb  the  direcdoQ 
of  a  ship's  course  through  the  pathless  ocean ;  and  also  riiews 
us  the  directions  of  the  veins  and  workii^  in  the  deepest 
Miines.  It  was  natural  therefore  to  call  those  the  north  and 
south  ends  of  the  miuiner^s  needle,  or  of  a  loadstone  or  mag* 
net.  Dr.  Gilbert  called  them  the  poles  of  the  loadstone  or 
magnet  He  had  found  it  convenient  for  the  proposed  train 
of  his  experiments  to  form  his  loadstones  into  spheres,  which 
be  called  tehkklljb,  from  their  resemblance  to  this  globe ; 
in  which  case  the  north  and  south  ends  of  his  loadstones 
were  the  poles  of  the  tcrrellse.  He  therefore  gave  the  name 
pok  to  that  part  of  any  loadstone  or  magnet  whidi  thus  tun- 
ed to  the  north  or  south.  The  denomination  was  adopted  by 
all  subsequent  writers,  and  now  makes  a  term  in  the  lan- 
guage of  magnetism. 

S48  Also,  when  we  approach  either  end  of  a  piece  of  iron 
A  to  either  end  of  another  B,  these  ends  mutually  attract ; 
or  if  either  end  <rf  a  magnet  A  be  brought  near  either  end 
of  a  piece  of  common  iron,  they  mutually  attract  each  other. 
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But  if  we  bring  that  end  of  a  magnet  A  which  turns  toibe 
north  near  to  the  nmilar  end  of  another  magnet  B»  their 
ends  will  not  attr^  each  other^  but,  on  the  contrary*  will 
repel.  If  the  two  magnets  are  made  to  float  on  pieces  of 
wood,  and  have  their  north  poles  fronting  each  other,  tbr 
magnets  will  retire  from  each  otlier  ;  and  in  doing  so,  they 
generally  turn  round  their  axes,  till  the  north  pole  of  our 
front  the  south  pole  of  the  other,  and  then  they  run  to- 
gether. This  is  a  very  notable  distinction  between  the  mag- 
netism of  magnets  and  tliat  of  common  iron ;  and  whene^ver 
we  see  a  piece  of  iron  she^  this  permanent  distinction  of  ita 
ends,  we  must  consider  it  as  a  magnet,  and  conclude  that  it 
bas  met  with  soine  peculiar  treatment. 

It  is  not,  however,  strictly  true,  that  the  poles  of  load- 
stones or  magnets  «jre  so  fixed  in  particular  parts  of  their 
sub^Qoe,  nor  that  the  poles  of  the  same  name  so  oonstaot- 
)y  repel  each  other ;  for  if  a  small  or  weak  magnet  A  have 
its  pole  brpught  near  the  sinujar  pole  of  a  large  or  strong 
magnet  B,  they  are  often  found  tp  attract  when  almost 
couching,  although  at  more  considerable  distances  they  re- 
pel each  oliher.  But  this  is  not  an  exception  to  the  general 
pro^sition ;  for  when  the  north  pole  of  A  is  thus  attracted 
by  the  north  pole  of  B>  it  will  be  found,  by  other  triak,  to 
have  ^1  the  qualities  of  a  south  pole,  while  thus  in  tfa^ 
neighbourhood  of  the  north  pole  of  B. 

249.  The  magnetic  properties  and  plicnomena  are  conve- 
niently distinguished  into  those  of  force  and  of  polaeity. 
Those  of  the  first  class  only  were  known  to  the  ancients, 
and  even  of  them  their  knowledge  was  extremely  scanty  and 
imperfect  They  may  all  be  classed  under  the  following 
general  propositions. 

350.-*  1 .  The  similar  poles  of  two  magnets  repel  each  otbipr 
with  a  force  decreasing  as  the  distances  increase. 

9*  The  dissimilar  poles  of  two  magnets  attract  each  other 
witb  §L  force  decrefuskig  as  fhe  distances  increase. 
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3.  Magnets  arrange  themselves  in  a  certain  determinate 
position  with  respect  to  each  other. 

251.  The  first  object  of  research  in  our  farther  examina- 
tion of  these  properties  is  the  relation  which  is  observed  to 
obtain  between  the  distances  of  the  acting  poles  and  their 
force  of  action.     This  has  accordingly  occupied  much  at- 
tention of  the  philosophers,  and  numberless  experiments 
have  been  made  in  order  to  ascertain  the  law  of  variation, 
both  of  the  attraction  and  the  repulsion.     It  is  obvious, 
from  the  nature  of  the  thing,  that  die  determination  is  very 
difficult,  and  the  investigation  very  complicated.     We  can 
only  observe  the  umultaneous  modon  of  the  whole  magnet ; 
yet  we  know  that  there  are  four  separate  actions  co-existing 
and  contribudng  in  different  directions,  and  with  different 
forces,  to  the  sensible  effect.    The  force  which  we  measure, 
in  any  way  whatever,  is  compounded  of  four  different  forces, 
which  we  cannot  separate  and  measure  apart ;  for  the  north 
pole  of  A  repels  the  north  pole  of  B,  and  attracts  its  south 
pole,  while  the  south  pole  of  A  exerts  the  opposite  forces  on 
the  same  poles  of  B.     The  attraction  which  we  observe  is 
the  excess  of  two- unequal  attractions  above  two  unequal  re- 
pulsions.    The  same  might  be  said  of  an  observed  repul- 
uon.     Nay,  the  matter  is  incomparably  more  complicated 
than  this ;  because,  for  any  thing  that  we  know,  every  par- 
ticle of  A  acts  on  evety  particle  of  B,  and  is  acted  on  by  it ; 
and  the  intensity  of  those  actions  may  be  different  at  the 
same  distances,  and  is  certainly  different  when  the  distances 
are  so.     Thus  there  is  a  combinadon  of  an  unknown  num- 
ber of  actions,  each  of  which  is  unknown  individually,  both 
in  direction  and  intensity.     The  precise  determination  is 
therefore,  in  all  probability,  impossible.     By  precise  deter- 
mination, we  mean  the  law  of  mutual  action  between  two 
magnetic  particles,  or  that  precise  function  of  the  distance 
which  defines  the  intensity  of  the  force;  so  that  measuring 
the  distance  of  the  acting  particles  on  the  axis  of  a  curve, 
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^(he  onliiutes  of  the  curve  may  have  the  proportions  of  the 
■ttneOoos  aod  reputsions. 

It  ii  almost  needless  to  attempt  any  deduction  of  the  law 

tfnritlioii  from  the  numerous  experiments  which  have  been 

I  fvbfisbed  by  different  philosophers.     An  ample  collection 

rfdma  may  be  seen  in  Scarella's  treatise.     Mr.  Muschen- 

boek  haa  made  a  prodigious  number ;    but  all  arc  so  antv 

naloiH,  and  exhibit  suet)  diilerent  laws  of  dioiinution  by  an 

iDcretsc  of  distance,  that  we  may  he  certain  that  the  experi- 

■omts  Iiave  been  injudicious.     Attention  has  not  been  p^d 

fe  ^  proper  olyects.     Magnets  of  most  improper  shapes 

lave  been  employed,  and  of  most  diffuse  polarity.     No  no- 

^has  heen  taken  of  a  circumstance  which,  one  should 

""nk,  ought  to  have  occupied  the  chief  attention  ;  namely, 

"■c  joint  action  of  four  poles,  of  which  the  experiment  en- 

'"hits  only  the  complex  result.      A  very  slight  reflection 

"^ight  have  made  the  inquirer  perceive,  that  the  attractions 

***■  repulsions  are  not  the  most  proper  phenomena  for  do- 

*^lairing  the  precise  law  of  variation  ;  because  what  we  ob- 

**Jrve  is  only  ih*  excess  of  a  small  difference  of  attractions 

**ld  repulsions  above  anotiicr  small  difference. Mr.     Hawks- 

***e  and  Dr.  Brook  Taylor  employed  a  much  belter  ine- 

*liod,  by  observing  the  deviations  from  tlie  meridian  which 

^  magnet  occ^ioned  in  a  compass  needle  at  different  dislan- 

^Se*.     This  is  occasioned  by  the  difference  of  the  two  sums 

K)f  the  same  forces;   and  this  difference  may  be  made  a 

liundred  times  greater  than  the  other.     But  tlicy  employed 

magnets  of  most  improper  shapes  *. 

•  Tht  Irae  !«•  of  .Magntli 
iMCI^VM  1730,  by  Mr.  Mid 
MHaett." 

*'TIitn!li»te  been.  " he  obseriei," lome  who  have  imagineiUhalthe  Jecrp»W! 
«t  tb*  Biigaclic  attroctionandrepulsiciQls  Invenely  islhccubeiof  tbr  diatao- 
't,  oUtcn  ax  lhei(|ui>rei,  anil  atbenUut  It  fol1u«s  no  certain  rallo  alall.bul 
(b«t  it  la  oiui-b  quicker  at  creal  disUacti  than  at  small  oocs,  ami  Ibit  it  ii 
4\ltenu  Jq  ilifferenl  sloneii ;  amang  tbese  last,  is  Dr.  Brook  Tijlor  and 
Miucheubrwk,  nbn  seem  lo  hue  been  pretty  accuiate  m  thert  enperiment^, 
JSt*  JW.  Trm$.  Ha,  3GS  ami  390.)  Tbc  coDCluiions  of  lime  GeBtlemen  waif; 


■lagiieuc  mendiaii  proaucea  oy  toe  magnec,  and 
quity  af  die  magoH  Co  the  axis  of  the  oeedle.  TI 
the  oetion  of  the  magnet  set  in  opposition  and  equ 
with  the  natural  poluity  of  the  needle.  But  the  i 
was  to  discover  in  what  proporUon  each  of  those  foi 
changed  by  their  obliquity  of  action  on  this  little  le 
Qian  excelled  Mr.  Lambert  in  address  in  devising  me 
mathematical  investigation.  He  observed,  that  w 
obliquity  of  the  magnet  to  the  axis  of  the  needle  « 
it  caused  it  to  decline  15^  When  the  obliquity  v 
the  distance  being  the  same,  it  declined  90^*  Call 
liquity  o,  and  the  declination  d,  and  let/ be  that  fui 
the  angle  which  is  proportionable  to  the  action.  Al 
be  the  natural  polarity  of  the  needle,  and  aithe  fon 
inagnet     It  is  evident  that 

p  x/,  15  =  111  x/,SO        ^ 
Andp:m  =  /,  SOif,  15;  &r  the  same  ream 
p:m=f,  75:/,  30 
Therefcre/,  15  :/30  =/,  30 :/,  75S 
But  it  b  well  known  that 

Sine  15 :  Sine  SO  =  Sine  SO  :  Sine  75. 
Hence  Mr.  Lambert  was  led  to  conjecture,  that  the  j 
that  function  of  the  angle  which  was  proportional  to 


ibe  oone  distances  of  ibe  ougnet,  and  also  with  other  dis- 
tances;  and  he  put  it  past  all  dispute^  that  his  conjectusa 
wasjttst 

Had  Mr.  Lambert^s  esperimeiits  terminated  here,  it  rnxut 
be  granted  that  he  hasmade  a  notaUe  discovery  in  the  tfafo- 
rjr  of  the  intiflutte  nature  of  magnetism.  It  oomidetely  tm^ 
fiOes  all  the  theories  which  pretend  to  ex{^n  the  action  of 
a  magnet  by  the  impulsion  of  a  stream  of  fluid,  or  by  pnea^ 
sure  arising  from  the  motion  of  auch  a  stream ;  fat  in  tUs 
case  the  prassuineon  the  needle  must  have  diminished  in  Ae 
duplicate  ratio  of  the  sine.  The  directive  power  with  tfat 
angle  90  must  be  4  times  greater  than  with  the  an^e  90^  ; 
whereaa  it  was  observed  to  be  only  twice  as  greet.  Magnet* 
ism  does  foot  act  therefore  by  the  impulsion  or  pressure  of 
a  stream  of  fluk!*  but  in  the  manner  <rf*  a  single  incitement^ 
as  we  coQcme  attraction  <Hr  repulmon  to  act 

Having  ascertained  the  effect  of  obliquity,  Mr.  Lambert 
proceeded  to  examine  the  effect  of  distance;  and,  by  a  moat 
ingenious  analysis  of  his  observations,  he  discovered,  that  if 
wfe  represent  the  force  ot  the  magnet  hyf^  and  the  distance 
of  the  nearest  pole  of  the  magnet  from  the  centre  of  the 
needle  by  ),  and  if  ^z  be  a  constant  quantity,  nearly  equal  to 
two^irds  of  the  length  of  the  needle,  we  have/proportioB* 
al  to  )— a«. 

Mr.  Lambert  «CMind  this  hold  with  very  great  exactness 
with  magnets  ten  times  larger,  and  needles  twice  as  shoitp 
But  he  acknowledges,  that  it  gives  a  very  singular  residt, 
as  if  the  action  of  a  magnet  were  t  xerted  from  a  centre  be^ 
yond  itself.  He  attribntes  this  to  its  true  cause,  the  stiH 
great  complication  of  the  result,  arising  from  the  actkm  cf 
the  remote  pole  of  the  magnet.  He  therefore  takes  aaoCher 
method  of  examinatian,  wfeich  we  shall  understand  by  anl 
by,  when  we  consider  the  dinctive  power  of  a  magnet  We 
have  mentioned  this  imperfect  attempt  ofcieflyon  account  of 
tlie  unquestionable  manner  in  which  he  has  ascertained  the 
effect  of  obliquity,  and  the  importance  of  this  determina- 
tion. 


jOQ  MAGNETISM. 

We  have  attempted  this  investigation  in  a  very  irnniilff 
manner.  We  got  some  magnets  made,  consisting  of  t«nr 
balls  connected  by  a  slender  rod.  By  a  very  particutar 
mode  of  impregnation,  we  gave  them  a  pretty  good  magnel- 
ism  ;  and  the  force  of  each  pole  seemed  to  reside  almost  m 
the  centre  of  the  ball.  This  was  our  object  in  giving  the0 
this  shape.  It  reduced  the  examination  both  of  the  attnel- 
ive  and  of  the  directive  powdr  to  a  very  easy  computatioB. 
The  result  was,  that  the  force  of  each  pole  varied  in  the  in- 
verse duplicate  ratio  of  the  distance.  The  error  of  this  hy- 
pothecs in  no  case  amounted  to  rVth  of  the  wbcde  In  oom- 
puting  for  the  phenomena  of  the  directive  power,  the  irrq^u- 
larities  and  deviations  from  this  ratio  were  mudi  smaUer. 

The  previous  knowledge  of  this  function  would  greatly 
expedite  and  facilitate  our  farther  investigation:  buf^we 
must  content  ourselves  with  a  very  imperfect  approximation, 
and  with  arriving  at  the  desired  determination  by  degrees^ 
and  by  a  very  circuitous  route. 

253.  It  is  a  matter  of  experience,  that  when  two  magnets  are 
taken,  each  of  which  is  as  nearly  equal  as  possible  in  the 
strength  of  both  poles,  then,  if  they  are  placed  with  their 
axes  in  one  straight  line,  and  the  north  pole  of  one  fronting 
the  south  pole  of  the  other,  they  attract  each  other  with  a 
force  which  diminishes  as  the  distance  increases  ;   and  this 
variation  of  force  is  regular,  that  is,  without  any  sudden 
changes  of  intensity,  till  it  becomes  insensible.    No  instance 
has  occurred  of  its  breaking  suddenly  off  when  of  any  sen- 
sible force,  but  it  appears  to  diminish  continually  like  gravi- 
ty.    No  instance  occurs  in  which  attraction  is  changed  into 
repulsion. 

But  it  is,  moreover,  to  be  particularly  remarked,  thatt 
having  made  this  observation  with  the  north  pole  of  A  front- 
ing the  south  pole  of  B,  if  the  experiment  be  repeated  with 
the  south  pole  of  A  fronting  the  north  pole  of  B,  the  results 
will  be  precisely  the  same.  And,  lastly,  it  is  a  matter  of  un- 
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jftccqfteifltpericncc,  that  the  sensible  action  of  A  on  B, 
d  by  the  force  which  is  necessary  for  preventing  the 
I  Srt/icr  ipproach  of  B,  is  precisely  equal  to  the  action  of  B 
This  is  the  ease,  however  unequal  the  force  of  the 
I  tfamignets  may  be ;  that  is,  although  A  may  support  ten 
I  pniDds  of  iron,  and  B  only  ten  ounces. 

Now,  the  amplest  view  we  can  take  of  this  experiment  is; 
by  (uppoung  the  whole  action  of  one  end  or  pole  of  a  mag- 
[  net  to  be  exerted  at  one  point  of  it.  This  will  ^ve  ua  four 
acticm«of  A  on  B,  accompanied  by  as  many  equal  and  op 
'  prntcacuone  of  B  on  A.  It  is  pl^n  that  we  may  content 
ounnlites  with  the  investigation  of  one  only  of  tliese  sets  of 
•ctioai 

What  we  olwerve  is  the  excess  of  the  attractions  of  the 
fnles  of  A  for  the  dissimilar  poles  of  B  ubove  the  repulsions 
of  the  same  poles  of  A  for  the  similar  poles  of  B,  At  all 
<lislanccs  there  is  such  an  excess.  The  sum  of  the  attrac- 
tions exceeds  the  sura  of  the  repulsions  competent  to  every 
distance. 

Now  this  will  really  happen,  if  we  suppose  that  the  poles 
of  a  ma^et  arc  of  equal  strength,  and  that,  however  these 
"Afferent  magnets  differ  in  strength,  tliey  have  the  same  law 
•f  diminution  by  an  increase  of  distance.  The  first  circum- 
stance is  a  very  possible  thing,  and  the  last  is  demonstrated 
by  the  observed  equality  of  action  and  reaction.  Every 
thing  will  noV  appear  very  plain,  by  representing  (Plate 
III,)  the  intensities  of  attraction  and  repulsion  by  the  or- 
(feUeBof  acurre,  of  which  the  abscissse  represent  the  dis- 
UnoH  of  the  acting  poles. 

Tbeiefore  let  A  and  B  (Plate  III.  fig.  2.)  represent  the 
twa  msgnets,  placed  with  their  fo/ir  poles  S,  N,  s,  «,  in  a 
straight  line.  In  the  straight  line  O  5  take  O  m,  Op,  O  n, 
Oy,  respectively  equal  to  N  *,  N  w,  S  s,  S  n ;  and  let  MPNQ 
l>e«curve  line,  having  Oq  for  its  axis  and  assymptote ;  and 
'et  the  curve,  in  every  part,  be  convex  towards  its  axis. 
Then  draw  the  ordinatcs  m  M,  y  P,  n  N,  5  Q,  to  the  curte. 


Th«tt  otdbuitit  will  M|maeiit  the  intomties  of  the  forces 
oiirted  between  the  poles  of  the  ttagoets^  in  such  a  manner 
m  to  fulfil  all  the  oonditions  that  are  retllj  obeenred :  For 
m  M  represents  the  attraction  of  the  north  pole  N  of  the 
magpftt^  A  for  the  south  pole  $  of  the  magnet  B  ;  p  P  re-* 
presents  the  repulaon  of  N  for  n ;  ii  N  represents  the  re» 
piUsion  of  S  fore;  and  fQ  represents  the  attractifxi  of  S  for 
n.  The  distance  between  m  and  »,  or  between  ji  and  f,  is 
equal  to  the  length  of  the  magnet  A,  and  mp^ornq^  is 
Ofttd  to  that  of  B.  M  ai,  P  p,  and  N  n,  Q  f,  are  pairs  of 
equidistant  ordinates.  It  surety  requires  onlj  the  inspeo* 
lion  of  the  figure  to  see  that,  in  whatever  utuation  along  the 
«ds  we  place  those  pairs  of  equidistant  ordinates,  the  sum 
af  M  m  and  Q  q  will  alwajrs  exceed  the  sum  of  Pp^  and  N  n ; 
thai  is^  the  sum  of  the  attractions  will  always  exceed  that  of 
tfie  repulsbnsk  Thb  will  not  be  the  cIM  if  the  curve,  whose 
ccdinates  art  proportidud  to  the  forces,  have  a  point  Z  of 
OMitrary  flexure,  as  is  repmsented  by  the  dotted  curve  P'ZQ'* 
j^or  this  curve,  having  O  9  for  its  assymptote  (in  older  to 
aoftespdnd  with  forces  which  diminish  continually  by  an  in- 
ereate  of  distance^  but  do  tx»t  abruptly  cease)  must  have  its 
aonveKity  turned  towald  this  assymptcrte  in  the  remote  parts. 
But  there  will  be  an  aich  MPZ  betweenZ  and  O,  which  is 
•oncave  toward  the  asftylnptote.  Ja  which  case^  it  is|x>s» 
sible  that  M  m  ^  Q  9  shall  be  leas  than  P  ji  «f  N  a;  and 
theft  tiie  rqpulsions  will  exceed  the  attractions ;  which  iscon« 
trary  to  the  whole  train  of  observation. 

It  may  be  thought,  that  if  the  repdsion  eserted  between 
two  particles  be  always  less  thai)  the  aitraction  at  the  same 
distance,  the  phenomena  will  be  accounlted  for,  although 
the  law  of  action  be  not  represented  by  such  a  curve  as 
has  been  assumed.  Undoubtedly  they  will,  while  the 
dissimilar  poles  front  each  other :  But  the  results  of  such  a 
iupposition  will  not  agkee  with  the  phenomena  while  the  si- 
ndhur  pole*  front  each  other.  For  it  is  an  uncontradicted 
foct»  that  when  two  fine  hard  magnets^  whose  pdes  are  near- 
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W  Qt  txictly  of  equal  vigour,  have  tbeir  ^milor  poles  front- 
nwMdi  other,  the  repulsions  fall  very  little  short  of  the  attrao- 
tinu  >t  the  same  distances  when  thdr  position  is  changed  : 
Wl»i  the  distances  arc  constdcntble,  scarcely  any  dillWrenor 
en  be  observed  in  the  bt-ginning  of  the  experiment.  The 
tiCbrcDces,  also,  which  are  observed  at  smaller  distances, 
ue  olMirved  to  augment  by  continuing  the  magnets  in  their 
placffi  vilhout  changing  their  distances ;  and  therefore  sceiti 
to  ariee  from  some  change  produced  by  each  on  the  mogneU 
isn  of  the  other.  And,  accordingly,  if  we  invert  oOe  of 
lhta»gaets,  we  ^all  find  that  the  attractions  have  bcendU 
mioisbed  as  much  as  the  reputsiona.  Now,  the  conse<)iien- 
ttg  of  niagnetie  repulsioil,  being  always  netiker  than  at- 
inctiaii,  would  be  the  reverse  of  this.  The  dificrences  would 
ippear  most  reinarkable  in  the  greater  distances,  and  mag- 
nets might  be  found  which  rrpel  at  small  distances,  and  at' 
tract  at  greater  distances  ;  which  is  contrary  to  all  obscrt-a- 
tion. 

From  all  this  it  follows,  with  sufficient  evidence  for  our 
present  purpose,  that  the  function  of  the  distance  which  ex- 
presses tlie  law  of  magnetic  action  must  be  represeated  by 
ibe  ordinates  of  a  curve  of  the  hyperbolic  kind,  referred  to 
its  assyniptote  as  an  axis  ;  and  therefore  always  convex  to- 
ward this  axis.  We  think  it  also  sufficiently  clear,  that  the 
consequences  which  we  have  deduced  from  the  simple  sup- 
position of  four  acting  points,  instead  of  the  combined  ac- 
tion of  every  particle,  may  be  adopted  with  safety.  For 
ti»y  would  be  just,  if  there  were  only  those  four  particles ; 
Ih^  would  be  just  with  respect  to  anothef  four  paKicle^^ 
tlierefbre  they  would  be  just  when  these  ore  joined  ;  and  so 
OB  of  any  number.  Therefore  the  curve,  whose  ordinates 
opress  the  mean  action  of  each  pole,  as  if  eXened  by  it^^ 
cntre  of  effort,  will  have  the  same  general  form :  It  will  be 
Convex  toward  its  assymptotic  axis. 

It  will  greatly  aid  our  conceptions  of  the  combined  ac 
tioDs  of  the  four  magnetic  poles,  if  we  notice  some  of  the 
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prinuirj  properties  of  a  curve  of  this  kind,  linuti 
other  conditioD. 

'  854  Draw  the  choitls  MQ,  FN,  MP,  NQ.  Bi 
in  B»  D,  E,  F,  and  join  EF.  Draw  the  ordinates 
and  BD  &  (cutting  EF  in  C).  Draw  P  u  paral 
aads,  cutting  E  e  in  i.  Draw  alao  Q  t  parallel  to 
cutting  F/ln  f.  Also  draw  FHL  parallel  to  the 
Pol  parallel  to  QN ;  and  draw  P  L  /,  and  P  e : 
Mmin/andae. 

Let  eadi  ordinate  be  represented  by  the  lettei 
tersection  with  the  axis.  Thus,  the  ordinates  M  m 
may  be  represented  by  m  and  9,  &c. 

Because  MP  is  bisected  in  E,  M  I  is  double  of 
i^  double  of  EL ;  M  jc  is  double  of  E  e .  Also,  be 
18  parallel  to  QN,  and  P  le  to  Q  t,  we  have  ( v = N 
these  premises,  it  is  easy  to  perceive,  that, 

1.  B6  =  ?L±J 

2 


3.  80  =  **  +  ?— i>+« 

9 

4.  Mtt=:ni<^p. 

5.  ttt  =  tt  ^  9. 


6.  Mtsrm— p  — n  — y. 

2 

8.  F/=  !L±1 .,. 

2 


9.  M/rim+i)  — H^^-y.  ^ 

la  ELsW  +  f  — "  +  g 

2 

11.  CD  =m-{-9'~'J> +* 

4 


18.  CH sw+f  —  n  +  g 

4 
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f'nAilfe  eombin&tiom  will  suggest  to  tfae  tttfcntiTe  rbider 
tlM  aphnalion  of  many  raodtficntiotu  of  die  cbinlnittd  tl6- 
titi)  tf  the  four  poles  of  two  itiMgaets.  Tbiey  Are  tiSi  cUn- 
primided  in  one  proposition,  whitU  h  inS  bfc  bodmllist  to 
KUdei  familiar  to  the  thought ;  vidady.  If  tiro  fun  cfetffa- 
fittnt  ordinstes  be  taken,  the  sutb  e€  tbfe  two  extttrUeaex- 
Btdt  tfaat  of  the  intermediate  onea.  *  -f  9  ^  gnAter  than 
P  +  R.  Abo,  the  difference  bbtween  the  pur  iMrCrt  to  O 
tmtit  tlie  difference  between  the  retootfc  plir. 

Nm,  ooneeiving  these  ordinttes  to  represent  the  Alitiu] 

■Ann  of  the  magnetic  poles,  we  see  that  th^  teodehcj  to 

Kfrnntaih  other,  or  their  scnnUe fttttactioiia  or  repuUdiu, 

**RtpresBedbyiii  + j-^n  +pi  tliat  i%  by  the  exoesaof 

^  nun  of  the  actions  of  the  neareit  and  most  retoote  jxJes 

'^e  the  sum  of  tiie  actions  df  the  intehodiately  dutant 

L  pws.  ItwiUslsafaefrequentlycoaveiurattooonnderthiBteD- 

aencjru  represortcd  by  m — p  —  n  —  qi  that  is,  by  the 

^cess  of  the  difference  of  the  actions  of  the  nearest  pole  of 

E    A  on  the  two  pc^es  of  B,  above  the  difference  of  the  actions 

*■  ib  mmiB^ab  on  the  same  poles  <^  B. 

Xit  n  BOW  iffhrMi*  some  ti[  the  chief  raodificatioos  of 


tti.—'l.  Let  the  duaimilar  poles  fVont  each  other.  It  is 
||BK  that  k  +  V  f^ircBent  attractions,  and  that  p-^.nre- 
|>>MitnpiifnoDt.  Also  n4>  9  is  greater  than  p  -\-n.  There- 
.  An  &e  tn^neta  will  attract  each  other.  This  attraction  is 
■hofffnaenledby  m — p  —  r  —  q. 

.  Mewa+7--F-Hi>>^id«i%CT>^^<*^^<^*°'**(* 
K%  or  to  tvke  BD,  or  to  four  times  CD: 

..T|i>  Mtidn  wiH  be  idiamaied, 

,.1:  BjrtMnrinag  the  strength  6f  atlier  of  tbe  nugaeta. 
IWlMiciiaf  theioagneU  is  the  oomlnned  action  of  etdi 
Mi%|mliii1ii  lifllii  mil  laiiaili  ii  liini  [niiliilr  iflhr  lifhrr 
aaiitbanittud.    ThcsefiHc  all  the  ordinBtM  will  ioneasv 
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in  the  ratio  of  the  strength  of  each  magnet,  and  their  sums 
and  differences  will  increase  in  the  same  ratio. 

2.  By  diminishing  the  distance  between  the  magnets.  For 
this  brings  all  the  ordinates  nearer  to  O,  while  their  distan- 
ces mp^  prif  nqy  remain  as  before.  In  this  case  it  is  pitfi, 
that  M  u,  the  difference  of  M  nt  and  P  py  will  increase  &ittr 
than  t  u  or  N  t,  the  difference  between  N  »  and  Q  q.  Theie* 
fore  M  t  will  increase ;  that  is,  the  attroction  will  increne. 

3.  By  increasing  the  length  of  A,  while  the  distance  be* 
t ween  them  remains  the  same.   For  O  m  remaining  the  snaet 
as  also  mp  and  n  9,  while  n  9  is  only  removed  fiurther  fim^ 
m  p,  it  is  plain  M  u  remains  the  same,  and  that  N  t  and  (  ^ 
are  diminished ;  therefore  M  t  must  increase,  or  the  attraC" 
tion  must  increase. 

4.  By  increasing  the  length  of  B,  the  distance  betweer' 
them  remaining  the  same.     For  this  increases  mp  and  »  9  ^ 
and  consequently  increases  M  u  and  t  ti.     But  M  u  xdckbA'^ 
es  more  than  t  u ;  and  therefore  Ml  is  increased,  and  tlie  at-^ 
ttaction  or  tendency  is  increased. 

All  these  consequences  of  our  original  supposition,  that 
the  magnetic  action  may  be  represented  by  the  ordinates  of 
a  curve  every  where  convex  to  an  assy mptotic  axis,  are  strict- 
ly conformable  to  observation. 

256.  If  we  place  the  magnets  with  their  similar  poles  front- 
ing each  other,  it  is  evident  th^t  the  ordinates  which  ex- 
pressed attractions  in  the  former  case,  will  now  express  re- 
pulsions ;  and  that  the  forces  with  which  the  magnets  now 
repel  each  other,  are  equal  to  those  with  which  th^  at- 
tracted when  at  the  same  distances.  When  the  experiments 
are  made  with  good  loadstones,  or  very  fine  magnets^  tem- 
pered extremely  hard,  and  having  the  energy  of  tlieir  pedes 
sensibly  residing  in  a  small  space  very  near  the  extmnities, 
the  results  are  also  very  nearly  conformable  to  this  mathe- 
matical theory ;  but  there  is  generally  a  weaker  action.  The 
magnets  seldom  repel  as  strongly  as  they  attract  at  the  same 
distance ;  at  least  when  these  distances  are  smaLL      If  one 


uAAinmsH.  227 

'  or  both  of  die  magnets  ia  soft,  or  if  one  of  tbem  be  mudi 
ODRTigDrDus  than  the  other,  there  ire  obaerred  raocb  greit* 
B^nutioss  from  this  theny.  The  repulmm are  ooNtulcr- 
d^maker  than  the  attr«tioiu  at  the  anne  diBtniG^  and 
the  hw  of  variation  beccmm  extremely  different.  When 
|JKed  at  very  considcraUe  tliatancea,  they  repeL  As  the 
nignet  B  is  brought  nearer  to  A,  the  repolsion  iitcreases, 
tgrcfflbly  to  the  theory,  but  not  so  fast.  Btinpng  them 
Ebll  mttra,  Uw  repulsion  oeues  to  increaae,  then  gradu^y 
■lininiahes,  and  frequently  Taiuahes  altc^ether,  before  the 
wgmti  are  in  contact ;  and  wfaea  brou^t  ittll  nearer,  it 
K  chmgcd  into  attraction. 

^7.  But  more  careful  obeervatiui  sheirs,  that  thia  ano- 
^J  docs  not  invalidate  the  theory.  It  is  foand  that  the 
a  pemusently  changed  by  this  pro> 
aet  on  each  other  in  sodi  a  w^  as  to 
ingnetisin.  Nay,  it  frequently  happens, 
*K  ftl  ttiriM  0*  4W  aofter  of  the  two  has  had  Us  magneU 
*    J  *  the  pole  nearest  to  the  other  has 

WMtae  While  they  are  lying  in  contact,  or 
Ast  Aey  attract,  althou^  ^«r  nmilar 
it  is  found  that  the  pole  of  one  of 
Vk'iA  HMfly^mged;  although  it  may  sometimes  re- 
'  flWf  M  ftnMT  qpedte  again,  but  never  so  vigorously  as 
4MHIteiailttt-flRignet  is  removed.  In  ^ort,  it  is  observ- 
d^flMtHHfc'nkBiietiam  is  diminished  in  all  experiments 
ii"aitiH  nil  mifciillii  iijiil  eadi  other,  and  that  it  is  im- 
j^miKd'lS  ekperhtoents  in  which  they  attract. 

Wb  &■*•  bithsto  supposed  the  magnets  placed  vidi  their 
MWa*MMr  MiaglH:  fine.      If  they  are  diilferently  pUced, 
by  thtft-  ringle  drcamatance  of  the  law 
teStia,  iriwlhar  they  will  attract  or  rtpd— we 
_„ Moewbit  tDore  of  the  Tariation  of  fbrve  by  ■ 

'VK  fftfab  mifiiet  B  be  noriitlibnty  to  ^ijnosch  toward 
■Af  m'-neede  from  it,  but  be  so  supported  at  iu  centre  B 
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that  it  can  turn  round  it|  it  is  very  plain  that  it  will 
position  in  which  it  is  drawn  in  the  figure.  For 
pole  8  being  more  attracted  by  N  than  it  is  repelle 
on  the  whole,  attracted  by  the  magnet  A ;  and,  I 
traction,  it  would  vibrate  like  a  pendulum  that  is 
at  the  centre  B.  In  like  manner,  its  north  pole 
repelled  by  N  than  it  is  attracted  by  S,  and  is,  on  i 
repelled.  The  part  B  n  would  therefore  also  vib 
pendulum  round.  B.  Thus  each  half  of  it  is  urg( 
very  portion  which  it  now  has ;  and  if  this  posit 
ranged  a  little,  the  attraction  of  «  B  toward  A,  a 
pulsion  of  It  B  from  it,  would  impel  it  toward  the 
Bn. 

This  will  be  very  evident,  if  we  put  the  magi 
the  position  «^Bit',  at  right  angles  to  die  line  AB. 
tf  and  the  pole  nf  are  urged  in  opposite,  and  ther 
sjnring,  directions,  with  equal  forces,  very  nearl; 
angles  to  n'  «^,  if  the  magnet  B  be  small.  Inai 
position^  the  foroes  will  be  somewhat  unequal,  ai 
must  be  had  of  the  obliquity  of  the  actions,  in  ordi 
tlie  precise  rotative  momentum  of  each. 

Dr.  Gilbert  has  given  to  this  modification  of  th 
A  on  B,  the  name  of  vis  nispoNENfi ;  which  we  ] 
late  by  dibective  power  or  force.  Also,  that 
tion  of  the  tendency  of  B  to  or  from  A  is  called  I 
VBRTICITA8  of  B.  We  might  call  it  the  vertic 
but  we  think  that  the  name  polarity  is  sufiicieni 
sive  of  the  phenomenon ;  and  as  it  has  come  in 
use,  we  shall  abide  by  it 

259.  It  is  not  so  easy  to  give  a  general,  and  at 
time  precise,  measure  of  the  directive  power  of  A 
rity  of  B.  The  magnet  B  must  be  considered  i 
and  then  the  force  tending  to  bring  it  into  its  ulti 
ttod  n  s  depends  both  on  the  distance  of  its  pol 
and  S,  and  also  on  the  angle  whidi  the  axis  of 
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mih  the  line  AB,  When  the  Axis  of  B  coincides  with  A6, 
the  force  acting  on  its  poles,  tending  to  keep  them  in  that 
situation,  is  evidently  m  +p  —  «  +  7j  and  therefore  may 
be  represented  by  M  /  (in  Plate  III.  fig.  2.),  or  by  twice  EL, 
or  by  four  times  CH.  If  B  has  the  position  n'  B  s\  perpen- 
dicular to  AB,  let  the  ordinates  E  eand  F/cut  the  curve  in  I 
and  K:  and  draw  KL  parallel  to  the  axis  (our  figure  causes 
this  Hne  almost  to  coincide  with  FL,  and  in  all  important' 
cases  it  will  be  nearly  the  same).  In  this  case  IL  will  ex- 
press one  half  of  this  force.  Either  of  these  estimations  of 
this  modification  of  the  mutual  action  of  the  magnets,  will 
be  sufficient  for  the  objects  we  have  in  view. 

260.  The  directive  power  of  A?  ^^^  the  polarity  of  B,  art 
increased, 

1.  By  increasing  the  strength  of  one  or  both  of  the  magp^ 
nets.     This  is  evident, 

2.  By  diminishing  the  distance  of  the  magnets.  For  this, 
by  increasing  the  sum  of  M  m  and  P  p  more  than  the  sum 
of  N  n  and  Q  9,  must  increase  EL  or  M  /. 

S.  By  increasing  the  length  of  A.  For  this,  by  removing 
n  and  q  farther  from  m  and  p,  must  depress  the  points  L 
and  /,  and  increase  EL,  or  IL,  or  M  /. 

4.  By  diminishing  the  length  of  B,  while  the  distance  N» 
between  the  magnets  remains  the  same.  For  this,  by  bring- 
ing  p  and  q  nearer  to  m  and  71,  must  increase  M  m  +  V  p 
more  than  N  n  -f-  Q  9.  Or,  by  bringing  E  e  and  F/ near- 
er to  M  m  and  N  n,  it  must  increase  EL  and  M  /. 

If  the  distance  N  n,  between  the  pole  of  A  and  the  re- 
mote pole  of  B  remain  the  same,  the  directive  force  of  A, 
ani^  polarity  of  B,  are  diminished  by  diminishing  the  length 
of  B^  as  is  easily  seen  fVom  what  has  been  just  now  said*  It 
is  also  diminished,  but  in  a  very  small  degree,  by  dinunish- 
ing  the  length  of  B,  when  the  distance  between  the  centres 
of  A  and  B  remain  the  same.  For,  in  this  case,  the  ordi- 
nates I  e  and  Ky* retain  their  places;  but  the  points  m  and 
p  approach  to  e ;  and  this  brings  the  intersection  E  of  the 
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and  K/keep  their  places,  the  point  o  is  raised, 
point  L  is  depressed;  and  therefore  the  ratio  of  £1 
or  of  M  /,  to  M  ^,  is  increa^.  We  even  see  that, 
nishing  the  length  of  B  continually  and  without  < 
ratio  of  M  /  to  M  f  may  be  made  to  exceed  any  ri 
can  be  assigned. 

2$2,  Now,  since  diminishing  the  length  of  B  incn 
ratio  of  the  directive  power  of  A  to  its  attractive 
while  increasing  the  length  of  A  increases  both,  and 
creases  the  ratio  of  EL  to  E  o  (as  is  very  easily  se 
ance  this  increase  may  be  as  great  as  we  please,  it  n 
ly  follows,  that  if  the  same  very  small  magnet  B  b 
at  such  distances  from  a  large  and  strong  magnet 
from  a  smaller  and  less  vigorous  one  C,  as  to  ha 
polarities  to  both,  its  tendency  to  A  will  be  less 
tendency  to  C  It  may  even  be  less  in  any  ratio  w( 
by  sufficiently  diminishing  the  length  of  B. 

Dr.  Gilbert  observed  this ;  and  he  expresses  his 
tion  by  saying,  that  the  directive  power  extends  t( 
distances  than  the  attracting  power.  We  must  , 
dude,  that  the  last  becomes  insensible  at  smaller  < 
than  the  first.    This  will  be  found  a  very  importai 
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9  (f^f).  For  their  difference  may  be  expressed  by  t  /, 
lli^%«Iiial  to  twice  o  L.  Now  i  e  is  equal  to  Pp,  or  to 
Pi  adiL  iscqoal  to  Pp— -F/,  or  to  Vp—Qq  —  F  f,  or 
ttfy— Qf— oi.  TfaerefbreoL  =  Pji  — Q  jr,andr/  =  S 

this  figure  with  attention,  we  obtain  indi- 
interesting  particulars.  If  the  lengths  of 
A'and  B  are  the  same,  the  point  it  in  the  axis 
^f  ilfUtl^  will  ooindde  with  p.  As  the  length  of  A  in- 
nM%  ifcpart  nqn  removed  farther  from  the  part  mp. 
2b|Ml9t  beoomea  less  indined  to  the  axis,  and  is  ulti- 
^tttlf  ^fmJUk  to  it,  when  n  is  infinitely  remote.  At  this 
teLliboiie;  so  that  the  ultimate  ratio  of  the  attrac- 
til^  IMhr  polari^  is  that  of  £  i  to  E  e,  when  the  magnet 
A  » lUbMjjr  long.  It  is  then  the  ratio  of  the  difference 
^^miom'tiOie  nearest  pole  of  A  on  the  two  poles  of  fi 
^ttMua  «f  iktm  actions.  Hence  it  follows,  that  when  A 
tt'ivy^ipwi  aidH  rery  small,  the  polarity  of  B  is  vastly 
Cl«MH^il■irteliDdency  to  A.  It  may  have  a  great  pola- 
^  Am  tttadcney  is  insensible. 
Utoniiotif  the  pdari^  to  the  attraction  also  increases 
the  distance  of  the  magnets  while  their  dimen- 
eontinue  the  same.  This  will  appear,  by  remarking 
tbt.  the  chorda  MP  and  NQ  must  intersect  in  some  point 
O)  afldi  ttal  friien  the  four  points  m,p,  n,  and  q^  move  off 
tnm  Ot  keepiDg  the  same  distances  from  each  other,  £  o 
iriB  -diminiiih  fiuter  than  EL,  and  the  ratio  of  EL  to  £  o 
vB  oaatimnilly  increase. 

*Wiawfafo  when  a  small  magnet  B  is  placed  at  such  a  dis-  ^ 
MbB'ftom  a  great  magnet  A,  and  from  a  smaller  one  C,  as 
titere  equal  polarity  to  both,  its  tendency  to  C  will  exceed 
to  A.  For  the  polarities  being  equal,  it  must 
fiom  the  great  magnet ;  in  which  case  the  ratio 
ifftB  polaii^  to  its  attraction  is  increased. 

Aad  tliis  will  also  obtain  if  the  magnets  differ  also  in 
iCraigtli*  Por^  to  have  equal  polarities,  B  must  be  still  far- 
dicr  fiom  the  great  and  powerful  magnet. 
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For  aU  these  reasons,  a  large  and  powerful  magnet  may 
exert  a  strong  directive  power,  while  its  attractive  power  is 
insensible. 

263.  We  have  h]tI^erto  supposed  the  magnet  B  to  be  pla- 
ced in  the  direction  of  the  axis  of  A,  and  only  at  liberty  to 
tumroui^d  its  ce^tr^  p.  But  let  its  ceptr^  be  placed  on  the 
centre  of  A,  as  in  F}ate  III.  fig.  3.  it  must  evidently  take  a 
podtion  which  may  b^  ci^ll^  sub-(»ntrary  to  that  <^  A,  the 
north  pole  of  B  turning  toward  the  south  pole  of  A,  and  its 
south  pole  turning  toward  the  north  pole  of  A. 

The  same  thing  piust  happen  when  the  centre  of  B  is 
pluoed  in  B,  any  where  in  the  line  A£  perpendicular  to  NS. 
S  attracts  n  with  a  force  n  b^  while  N  repels  n  with  a  force 
It  Cy  somewhat  smaller  than  n  &.  These  two  copipose  the 
force  n  d.  In  like  manner,  the  two  forces  a  e  and  afj  exert- 
ed by  N  and  S  on  the  pole  s,  compose  the  force  9  g.  Now 
if  the  axis  of  the  magnet  B  be  parallel  to  NS,  but  the  poles 
in  a  contrary  position,  and  if  each  magnet  be  equally  vigo- 
rous in  both  poles,  the  magnet  B  will  retain  this  position ; 
because  the  forces  n  b  and  s  e  arc  equal*  as  also  the  forces 
nc  and  sf.  These  must  compose  two  forces  nd  and  sgy 
which  are  equal,  and  equally  inclined  to  n^;  9Xid  they  will 
therefore  be  in  equilibrio  on  this  lever* 

Let  us  now  place  the  centre  of  the  small  mi^gn^t  in  C, 
neither  in  the  axis  of  the  other,  nqr  in  the  perpendicular 
AE.  Let  its  north  pole  n  point  toward  the  centre  of  A. 
It  caqnot  remain  in  this  position ;  for  N  repels  n  with  a  force 
n  c,  while  S  attracts  it  with  a  force  n  b  (smaller  than  n  c,  be- 
cause  the  distance  is  greater).  These  two  compose  a  force 
•  n  d  considerably  different  from  the  direction  C  n  of  its  axis. 
In  like  manner,  the  south  pole  $  of  the  small  magnet  is  act- 
ed on  by  two  forces  s  e  and  sfy  exerted  by  the  two  poies 
of  A>  which  compose  a  force  s  q  nearly  equal  and  parallel  to 
n  d,  but  in  a  nearly  opposite  direction.  It  is  plain  that  these 
forces  must  turn  the  small  magnet  round  its  centre  C,  and 
that  it  cannot  rest  but  in  a  position  nearly  parallel  to  n  d  or 
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fgi  lilfMililtti  !■  better  represented  by  Plate  III.  fig.  4. 
vAhiilinith  pole  turned  toward  the  north  pde  of  the 

aad  its  north  pole  in  the  of^posite  direction. 
I^Mt  lli^pneise*pondon  will  be,  depends  on  that  fiino- 
lirfAt&taBoe  whidi  is  always  proportbnal  to  the  in- 
1tiitjtttbiimc6ak\  on  the  force  of  each  of  the  poles  of 
4*iiidriMI  4ft  length  of  the  magnet  B.  Nay,  even  when 
vsllivAialiuiction,  the  problem  is  still  very  intricate. 

tt4  QlrtlBie  melbods  by  which  we  may  approximate  to 
As  Ml^fHip^lMh  aoocess.  |f  the  magnet  B  be  indefinitely 
flHJl  •  tftWifft  nu^  conader  the  actions  on  its  two  poles 
ii^i|Hllt  ll»' famst^|Rtion  is  greatly  simplified     For,  in 

pole  of  the  small  magnet  B  (Plate  III.  fig. 
as  coinciding  with  its  centre.  Then, 
flB^  and  taking  B  h  toward  N,  to  represent 
wUch  N  attracts  the  south  pole  of  B,  and 
HMUg  B^a^  jft  8B  pnduoed,  to  represent  the  force  with 
iHack  &'tti|Nll.Aa  wne  pole,  the  compound  force  acting 
gft  fWl^fJe  h  JMjrlhe  diagonal  of  a  parallelogram  Bide 
j^  fti(  IgmmJl^  ^  mugt  take  B  f ,  in  N  &  produced,  and 
<liilj|^A%  tD  npresent  the  repulsion  of  N  for  the  north 
f<liell^ftni  B  /equal  to  B  r,  to  represent  the  attraction 
tfl  iir  diis  pdb.  The  compound  force  will  be  B  g*,  equal 
^  flppsilft  to  B  iL  It  follows  evidently  from  this  invest!- 
(PA^^dMt  llie  small  magnet  will  not  rest  in  any  position 
hldg>,  Jb  thb  snpporition,  therefore,  of  extreme  minute- 
**Nr4e  magnet  B,  one  of  the  parallelograms  is  sufBdent 
^%qr  finrtlier  remark,  that  we  have  this  approximation 
''Mi-i^gBiisC  any  error  arising  from  the  supposition  that 
^1k  ftBlion  of  eadi  poleof  B  is  exerted  by  one  point  Al- 
^ft^  «e  soppose  it  diffbsed  over  a  considerate  portion 
^fAft-flM^gpet,  still  the  extreme  minuteness  of  the  whole 
MAs  tte  action,  even  on  its  extreme  points,  very  nearly 

=Nib  Henoe  mi^  be  derived  a  construction  for  ascertun* 
f^Urn  pontion  of  the  needle,  when  the  function  m  of  the^ 
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distance  is  given,  or  for  discovering  this  function  by  flb 
tion  of  the  position  of  the  needle. 

Let  NS  (Plate  III.  fig.  5.  n^  2.)  meet  the  ^rectioa 
needle  in  K.  Make  BG  =  BN,  and  draw  NF,  61 
perpendicular  to  BK.  It  is  evident  that  B  6  is  to  B  c 
as  the  sine  of  the  angle  HBS  to  the  sine  of  KBN.  ' 
fore,  because  BG  and  BN  are  equal,  we  have  B  h  \ 
GE :  NF. 

Therefore  GE  :  NF  =  BS»      :  BN« 
But  SH:GE  =  BS        :BN 

Therefore  SH  :  NF  =  BS«+»  :  BN«i+» 
And  SK  :  NK  =z  BS»+i  :  BN»+> 

If  magnetic  action  be  inversely  as  the  distance, ' 
SE :  NK  =  BS* :  BN^  and  B  is  in  the  dicumfereE 
circle  which  passes  through  S  and  N,  and  has  SK  fo 
gent,  as  is  plain  by  elementary  geometry.  If  the  ac 
inversely  as  the  square  of  the  distance,  we  have  SK : 
BS^ :  BN',  and  B  is  in  the  circumference  of  a  curve 
difficult  investigation.  But,  as  in  the  circle,  the  sui 
angles  BSN  and  BNS  is  a  constant  angle ;  so,  in  thi 
the  sum  of  the  cosines  of  those  angles  is  a  constan 
tity.  This  suggests  a  very  simple  construction  of  th 
Let  it  pass  through  the  point  T  of  the  line  AT,  dra* 
the  centre  of  the  magnet,  perpendicular  to  its  axi 
scribe  the  semicircle  SPQN,  cutting  ST  and  NT  ii 
Q.  Then,  in  order  to  find  the  point  where  any 
cuts  the  curve,  let  it  cut  the  semicircle  in  p,  and  a] 
the  line  N  j  z=  SP  +  NQ  —  Sp,  and  produce  it  till 
the  line  SB  in  B,  which  is  a  point  in  the  curve ; 
is  evident  that  Sp  and  N  9  are  the  cosines  of  BS 
BNS.  We  hope  to  give,  by  the  help  of  a  learned 
ihe  oomplete  construction  of  curves  for  every  value 
«&  Appendix  to  this  article.  It  will  form  a  new  and 
dasB,  arranged  by  the  functions  of  the  angles  at  N  i 
But,  in  the  mean  time,  we  have  determined  the  ] 
of  an  indefinitdy  small  needle,  in  respect  of  a  ma 
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I  liMMj  eqnoeift  the  polar  Mtivity  concentrated  in 
fmfi;  and  we  inay,  on  the  otbor  li^uicl»  make  uae  of 
iMMdfOvtiooa  of  nidi  ajieedle  and  magnet  for  dis- 

1^  Ifaa  vdue  of  «.    For,  rince  jjj  =|j55;i,  it  is 

,v.  ./ . . .  XiCMr.  8E :  NE 

•**J^=X5i"irrNB  — *•    Thus,  in  an  observa. 

water  of  this  article  made  on  a  very  sdiall 


iMniilg  globular  pole8»  and  ii  incbea 

be  fimnd  SB s 8,  NB:=  5f,  SKs 

/UlwlJiK=Sp87.    This  gives  m=:8,(S»  which  di£. 

9-    Finding  it  «o  very  near  the  in- 
of  the  diatanoe»  a  circle  VUZ  was4e- 
of  which  it  the  locus  of  SB :  BN 
M:liil|8U  .•  WImi  Ae  centre  of  the  needle  was  placed 

Terence  of  this  circle,  it  scarcely  de* 
Kf  except  when  so  far  removed  from 
the  wppMtlhafr^ilMirtiual  polarity  prevailed  over  the  di- 
^iMipMMgnet,  or  so  near  its  middle  that  the 
part  became  very  sensible. 
Ae  length  of  the  needle  must  occasion 
rhom  the  magnetic  direction,  by  destroying 
aqpalifty  of  action  on  its  two  poles.    He  there- 
time  needles  of  i,  ^  and  |  of  an  inch  iu 
hf  ooCknqg  the  differences  of  direction,  he  in- 
iSQiild  be  die  direction,  if  the  forces  on  each 
equaL     He  had  the  pleasure  of  seeing 
finom  the  inverse  duplicate  ratio  of  tlie  dis- 
aearacfy  perceptible. 

experiments  on  the  directive  power  of  the 

in  his  second  dissertation  in  the  SSd  vo- 

Am  Memoirs  of  the  Academy  of  Berlin,  are  the 

of  aliithat  are  on  record ;  and  the  ingenious 

■wluch  they  are  conducted,  and  the  inferences 

wmild  have  done  credit  to  Newton  himself.  We 

the  careful  perusal  of  that  Essay,  as 
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the  most  instructiTe  of  any  that  we  haVe  read.    The  wr 

of  thu  found  himself  obliged  to  repeat  all  his  former  exp 

ments,  mentioned  above,  in  Mr.  Lambert*smanner»  and « 

bis  precaution  of  keeping  the  needle  in  its  natural  posi&i 

circumstance  to  which  hehad  not  sufficiently  attended  befi 

The  new  results  were  sdll  more  conformable  to  hb  con 

ture  as  to  the  law  of  variation.  Mr.  Lambert  closes  his  i 

sertadon  with  an  hypothecs,  *<  that  the  force  of  eadi  tn 

verse  element  of  a  magnet  is  as  its  distance  from  the  cen 

and  its  action  on  a  particle  of  another  magnet  is  mmt 

as  the  square  of  the  distance.*   On  this  supposition,  he 

culates  the  portion  of  a  very  small  needle,  and  draws  tl 

of  the  curves  to  which  it  should  be  the  tangent.  These 

very  exactly  coincident  with  some  that  he  observed. 

tried  this  with  several  magnetic  bars,  and  found  it  very  < 

formable  to  observation  in  some  magnets ;  but  deviatin 

far  in  the  case  of  otiier  magnets,  that  we  are  convinced 

there  is  no  rule  for  the  force  of  each  transverse  element 

magnet,  and  that  the  magnetism  is  differently  dispose 

different  magnets.  It  was  chiefly  this  which  induced  u 

form  the  magnets  employed  in  this  research  of  two  ] 

united  by  a  slender  rod.     Lichtenberg,  in  his  notei 

Erxleben*s  Natural  Philosophy,  says,  that  there  is  a  M! 

the  celebrated  Tobias  Mayer  in  the  library  of  the  Acad 

of  Gottingen,  in  which  he  assumes  the  hypothesis  al 

mentioned,  and  gives  a  construction  of  the  magnetic  cu 

founded  on  it,  making  them  a  kind  of  catenaria.     Thi 

terior  curves  do  indeed  resemble  the  catenaria,  but  the 

tmoT  are  totally  unlike.  But  there  is  no  occasion  for  n 

argument  to  convince  us,  that  the  first  part  of  this  hype 

sis  is  not  only  gratuitous,  but  unwarranted  by  any  gen 

phenomena.     We  know  that  a  magnetical  bar  may  hav 

magnetism  very  differently  disposed  ;  for  it  may  have  x 

than  two  poles,  and  the  intermediate  poles  cannot  have 

disposition  of  the  magnetism.  Such  a  disposition  is  perl 

possible  r  but  is  by  no  means  general,  or  even  frequent 


ist 


^^^■LiBd  to  think,  that  pennanoitmagiietian  must  hafe 
^^^^b;  diminisliing  id  tlie  ray  eztrami^  of  the  bar. 
VHwer  may  guess  at  our  legKHU  from  what  u  nict  in 
mcTiiciTY,  \  S22. 

!6&  Thofoilowuig  ver/curaousandinstnictivepheiMnie' 
too  «u  the  first  thing  which  gnatljr  excited  the  eurioaitjr 
of  the  writer  uCthis  article,  andlongpuuledhLnitotxpUun 
ii.  Iiidc«d  it  w&s  his  endesTouTS  to  expluo  it  whi^  gradu- 
ally opened  up  to  him  the  theorjr  of  the  mutual  actioa  aS 
■nogseu  cuDiaiaed  in  ihese  paragraphs,  and  first  gave  him 
OQcason  to  admire  tlie  sagadtf  of  Dr.  Gilbert,  and  to  see 
tbe  cDiinecting  priaciplc  cf  the  rast  variety  of  obserratioas 
^  eipcriments  nhich  that  pfailosopher  bad  made.  It 
iuns  oving  to  the  want  of  this  connecting  prindfJe,  that 
*  book  BO  rich  in  facts  sliould  be  so  litde  read,  and  that  w 
"nty  of  Di',  Gilbert's  observations  have  been  published  by 
others  aa  new  discoveries. 

Amuung  h'lia&clf  in  the  summer  1758  with  magnetic  ex- 
pcriitients,  two  large  and  strong  magnets  A  and  B  (Plate 
in.  li^,  6.),  were  placed  with  ^ir  dissimilar  poles  frootii^ 
^  other,  and  about  three  inches  apart.  A  smalt  needle, 
'upporied  on  a  point,  wan  placed  between  them  at  D,  and  it 
^ninged  itself  in  the  same  manner  as  the  great  magnets. 
Bo^niug  to  ^t  it  off  tu  a  good  distance  on  the  table,  as  at 
'<  lie  was  surprised  to  see  it  immediately  torn  round  on  its 
f^HiUidarrniige  itself  nearly  intheoppowtedirectioD.  Bring- 
'Ig  U  back  to  U  restored  it  to  its  former  position.  Carrying  it 
Snduatly  out  along  DF,  perpendicular  to  NS,  he  <^)served 
It  Id  become  senubly  mure  feeble,  vibrating  more  slowly ; 
'^d  yiheo  in  a  certain  point  £,  it  had  no  polari^  whatevK 
■ovards  A  and  B,  but  retained  any  poulion  that  was  ^ren 
v.  Carrying  it  farther  ou^  it  again  acquired  polarity  to  A 
mi  B,  but  in  the  oppoala  direction  ;  for  it  now  arranged 
itttlf  ID  a  position  that  ma  parallel  to  NS,  but  it4  narlfa 
pole  was  next  to  N,  and  itsaouth  pole  to  S. 
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This  singular  appearance  naturally  exdtod  his  alteiitioa« 
The  line  on  which  the  magnets  A  and  B  were  phmd  hil 
been  marked  on  the  table,  as  also  the  line  DF  perpendicn* 
lar  to  the  former.    The  point  £  was  now  marked  as  ania- 
portant  one.  The  experiments  were  interrupted  by  a  fiind 
coming  in,  to  whom  such  tilings  were  no  entertttmaest 
Next  day,  wishing  to  repeat  them  to  some  friends9  the  nag' 
nets  A  and  B  were  again  laid  on  the  line  on  which  tiMy  hii 
been  placed  the  day  before,  and  the  needle  was  plaoedit 
£,  expecting  it  to  be  neutral.    But  it  was  found  to  haves 
considerable  verticity,  turning  its  north  pole  toward  the  nmg; 
net  B ;  and  it  required  to  be  taken  farther  out,  toward  Ft 
before  it  became  neutral.   While  standing  thefey  aomediiii^ 
chanced  to  joggle  the  maggets  A  and  B,  and  they  instaikly 
rushed  together.    At  the  same  instant,  the  little  magnet  eft 
needle  turned  itself  briskly,  and  arranged  itseU^  as  it  haA 
done  the  day  before,  at  F,  quivering  very  briskly,  and  ihoB 
shewing  great  verticity.    This  naturally  surprised  the  be* 
holders ;  and  we  now  found  that,  by  graduaDy  withdraw- 
ing the  magnets  A  and  B  from  each  other,  the  needle  be- 
came weaker — then  became  neutral— and  then  turned  round 
on  its  pivot,  and  took  the  contrary  position.      It  was  very 
amusing  to  observe  how  the  simply  separating  the  magnets 
A  and  B,  or  bringing  them  together,  made  the  needle  assume 
such  a  variety  of  positions  and  degrees  of  vivacity  in  eadi. 
The  needle  was  now  put  in  various  situations,  in  reqpect 
to  the  two  great  magnets :  namely,  off  at  a  side,  and  not  in 
the  perpendicular  DF.      In  these  situations,  it  took  an  in- 
conceivable variety  of  positions  which  could  not  be  reduced 
to  any  rule ;  and  in  most  of  them,  it  required  only  a  motion 
of  one  of  the  great  magnets  for  an  inch  or  two,  to  make  the 
needle  turn  briskly  round  on  its  pvot,  and  assume  a  pondon 
nearly  opposite  to  what  it  had  before. 

But  all  this  was  very  puzzling,  and  it  was  not  till  after  se- 
veral months,  that  the  writer  of  this  article  having  conceived 
k  the  notion  of  the  magnetic  curves,  was  in  a  condition  to  ex- 
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m  ptala  the  pbenomsno.   '  With  this  awiiiitMice,  bowerer,  they 
are  Toj  clear,  and  veiy  iiutnictive. 

Ndtting  hinders  us  ftom  auf^fxinDg  the  nugnets  A  and 
B  fttfeeAj  equal  iu  way  respect  Let  NHM,  NEL,  be 
nNoagneUc  curves  bdcBi^^  to  A;  that  is,  luch  thmt  the 
needle  arranges  itself  along  the  tangent  of  the  ourve.  Then 
the  nu^et  P  has  two  curves  SGK,  SEI,  perfectly  equal, 
aoJ  simiUi  to  the  other  two.  Let  the  curves  NHM  and 
SGS:  intenect  in  C  sod  F.  Let  the  curves  NEL  and  SEI 
touch  esch  other  in  E. 

Tile  aeedle  being  pbced  at  C,  would  arrange  itsctf  in  the 
fmgait  of  the  curve  KGS,  by  the  action  of  fi  alone,  having 
its  north  pole  turned  toward  the  south  pde  S  of  B.  But, 
^}  the  action  of  A  alooe,  it  would  be  a  tangent  to  the  curve 
'''HM,  having  its  nurih  pole  turned  away  from  N.  There- 
lore,  by  tliG  combined  action  of  both  magnets,  it  will  take 
neither  ol'  these  positions,  but  sn  intermediate  one,  nearly 
l>)wcting  tlie  angle  tonoed  by  the  two  curves,  having  its 
north  pole  turned  ton-ard  B. 
But  remove  the  needle  to  F.  Then,  by  the  action  of  the 
'  'tUpW  ^  tf-iffwild  be  a  tangent  to  the  curve  FM,  having 
■^•■tfc^iib  tannrd  M.  By  the  actkm  of  B,  it  would  be 
■  tmpoblo  tha  curve  KFG,  having  its  north  pole  m  the 
^^-HFG-,  or  tamed  toward  A.  By  their  joint  action, 
■tMkttA'pdalian  nearly  biaecting  the  angle  GFM,  with  its 
MHb  pde  toward  A. 

itt^Om  tuedlc  be  i^aeed  in  £.  Then,  by  the  action  of 
4r  fli^pHt  A,  it  would  be  a  tangent  to  the  curve  NEL, 
itllUifchilli  |iiilii  [iiiiiiliiig  III  F.  But,  by  the  action  of  B, 
<t.ntfjha4  tangent  to  SEI,  with  its  north  pole  pointing  to 
&-..  3hia«  me&oam  bemg  supposed  equal  and  opponte,  it 
i41'li*ra  JwmtiQty,  or  will  be  neutral,  and  retain  any  po- 
lilni  tbaLiB  given  to  it 

SIV  a>m  S£I  ioterseeti  the  curve  NHM  in  F  and  Q. 
IkaaHB  reamung  shews,  tliat  whan  the  needle  is  [daced 
It  F^itmU.aHuige  itself  nth  ita  north  fcAa  in  the  angle 


240  uAcidtuu. 

SPH :  but,  when  taken  to  Q,  it  will  stand  with  its  hortlt 
pole,  in  the  angle  £QM. 

From  these  facts  and  reasonings  we  must  infer,  that,  for 
every  distance  of  the  magnets  A  and  B,  there  will  be  a  se- 
ries of  curves,  to  which  the  indefimtely  short  needle  will  al- 
ways be  a  tangent.  They  will  rise  from  the  adjcnning  poles' 
on  both  sides,  crossing  diagonally  the  lozenges  fohnedby  the 
PEiMABY  or  SIMPLE  curvcsjas  in  Plate  III.  fig.  6.  These  may 
be  called  coimpound  or  secondary  magnetic  curves.  Mare- 
over,  these  secondary  curves  will  be  of  two  kinds,  according 
as  they  pass  through  the  first  or  second  intersections  of  the 
primary  curves,  and  the  needle  will  have  opposite  positions 
when  placed  on  them.  These  two  sets  <^  curves  will  be  se- 
parated by  a  curve  6EH,  in  the  circumference  of  which  the 
needk  will  be  neutral.  This  curve  passes  through  the  points 
where  the  primary  curves  touch  each  other.  We  may  cidl 
this  the  line  ofwuAralUy  or  inactivity. 

We  now  see  distinctly  the  effect  of  bringing  the  magnets 
A  and  B  nearer  together,  or  separating  them  farther  from 
eabh  other.  By  bringing  them  nearer  to  each  otherf  the 
point  E,  which  is  now  a  point  of  neutrality,  nuTy  be  found 
in  the  second  intersection  (such  as  F)  of  two  magnetic  curves, 
and  the  needle  will  take  a  subcontrary  position.  By  draw- 
ing them  farther  from  each  other,  £  may  be  in  ihefxst  in- 
tersection of  two  magnetic  curves,  and«die  needle  will  take 
a  position  similar  to  that  of  C. 

If  the  magnets  A  and  B  are  not  placed  so  as  to  form  a 
straight  line  with  their  four  poles,  but  have  their  axes  making 
an  angle  with  each  otbe]*,  the  contacts  and  intersections  6f 
their  attending  curves  may  be  very  different  from  those  now 
represented ;  and  the  positions  of  the  needle  will  differ  ac-' 
cprdingly.  But  it  is  plain,  from  what  has  been  said,  that  if 
we  knew  the  law  of  action,  and  consequently  the  form  of 
the  primary  curves,  we  should  always  be  able  to  say  what 
will  be  the  position  of  the  needle.  Indeed,  the  considera^ 
tion  of  the  umple  curves,  although  it  was  the  mean  of  sUg- 
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gesting  to  the  writer  of  this  article  the  explanation  of  those 
more  complicated  phenomena,  is  by  no  means  necessary  for 
this  purpose*  Having  the  law  of  magnetic  action,  we  must 
know  each  of  the  eight  forces  by  which  the  needle  is  aSecU 
ed,  both  in  respect  of  direction  and  intensity ;  and  are  there- 
fore able  to  ascertdn  the  single  force  arising  from  their  com- 
position. 

Wh^i  the  similar  poles  of  A  and  B  are  opposed  to  each 
other,  it  is  easy  to  see,  that  the  position  of  the  needle  must 
be  extremely  different  from  what  we  have  been  describing. 
When  placed  anywhere  in  the  line  DF,  between  two  mag- 
nets, whose  north  poles  front  each  other  in  N  and  S,  its  north 
pole  will  always  point  away  from  the  middle  point  D.  There 
will  be  no  neutral  point  E.  If  the  needle  be  placed  at  P 
or  Q,  its  north  pole  will  be  within  the  angle  EPH,  orFQI. 
This  position  of  the  magnets  gives  another  set  of  secondary 
curves,  which  also  cross  the  primary  curves,  passing  diago- 
nally through  the  lozenges  formed  by  their  intersection. 
But  it  is  the  other  diagonal  of  each  lozenge  which  is  a  chord 
to  those  secondary  curves.  They  will,  therefore,  have  a 
form  totally  different  from  the  former  species. 

267.  The  csonsideration  of  this  compounded  magnetism  is 
important  in  the  science,  both  for  explaining  complex  phe- 
nomena, and  for  advancing  our  knowledge  of  the  great  de- 
sideratum, the  law  of  magnetic  action.  It  serves  this  pur- 
pose remarkably.  By  employing  a  very  small  needle,  the 
points  of  neutrality  ascertain  very  nearly  where  the  magne- 
tic curves  have  a  common  tangent,  and  shews  the  position 
of  this  tangent.  By  placing  the  two  magnets  so  as  to  form 
various  angles  with  each  other,  we  can,  by  means  of  these 
neutral  points,  know  the  position  of  the  tangent  in  every 
point  of  the  curve,  and  thus  can  ascertain  the  form  of  the 
curve,  and  the  Jaw  of  action  with  considerable  accuracy.  The 
writer  of  this  article  took  this  methpd ;  and  the  result  pon- 
firmed  him  in  tlie  opinion,  that  it  was  in  the  inverse  dupli- 
cate ratio  of  the  distances.      Th^  chief  (perhaps  the  only) 
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ground  of  error  seemed  to  be  the  difficulty  of  procuring  lai]g^ 
magnets,  having  the  action  of  each  pole  very  tnucli  ConeeD* 
trated.  Large  magnets  must  be  employed.  He  attempted 
to  make  such,  consisting  of  two  spherical  balls,  joined  by  a 
slender  rod  But  he  could  not  give  a  strong  magnetism  to 
magnets  of  this  form,  and  was  forced  to  make  use  of  com- 
mon bars,  the  poles  of  which  arc  considerably  diffused.  This 
diffusion  of  the  pole  renders  it  very  difficult  to  select  with 
propriety  the  points  from  which  the  distances  are  to  be  es- 
timated, in  the  investigation  of  the  relation  between  the  for' 
ces  and  distances. 

He  tried  another  method  for  ascertaining  this  so  macn 
desired  law,  whicli  had  also  the  same  result.    Having  ma^ 
a  needle  consisting  of  two  balk  joined  by  a  slender  rod,  aO^ 
having  touched  it  witli  great  care,  so  that  the  whole  strengt'^ 
of  its  poles  seemed  very  little  removed  from  the  centres  O*- 
the  balls,  he  counted  the  number  of  horizontal  vibration^ 
which  it  made  in  a  given  time  by  the  force  of  terrestrial  mAg^ 
netism.  He  then  placed  it  on  the  middle  of  a  very  fine  an<l 
large  magnet,  placed  with  its  poles  in  the  magnetic  meri'^ 
dian,  the  north  pole  pointing  south.      In  this  situation  he 
counted  the  vibrations  made  in  a  given  time.  He  then  raised 
it  up  above  the  centre  of  the  large  magnet,  till  the  distance 
of  its  poles  from  those  of  the  great  magnet  were  changed  in 
a  certain  proportion.      In  this  situation  its  vibrations  were 
again  counted.     It  was  tried  in  the  same  way  in  a  third  si- 
tuation, considerably  more  remote  from  the  great  magnet. 
Then,  Iiaving  made  the  proper  redaction  of  the  forces  cor- 
responding to  the  obliquity  of  their  action,  the  force  of  the 
poles  of  the  great  magnet  was  computed  from  the  number 
of  vibrations.     To  state  here  the  circumstances  of  the  expe- 
riment, the  necessary  reductions,  and  the  whole  computa- 
tions, would  occupy  several  pages,  and  to  an  intelligent 
reader  would  answer  little  purpose.     Mr.  Lambert*^s  excel- 
lent dissertation  in  the  22d  vol.  of  the  Mem.  de  FJcad.  de 
Berlin,  will  shew  the  prolixity  and  intricacy  of  this  investi- 
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gfttiott.  Suffice  it  to  say,  that  these  experitt^nts  were  the 
most  consistent  with  each  other  of  any  made  by  the  writer 
of  this  article,  with  the  view  of  ascertaining  the  law  of  mag- 
netic action ;  and  it  is  chiefly  from  their  result  that  he  thinks 
himself  authorised  to  say,  with  some  confidence,  that  it  is 
inversely  as  the  square  of  the  distance.  These  experiments 
were  first  made  in  a  rough  way  in  1769  and  1770.  In 
1775,  observing  that  Mr.  iEpimis  seemed  to  think  th^  ac- 
tion inversely  as  the  distance  (see  his  Tentam.  Theor,  Ekctr, 
et  Magn.  $  SOL  &c.),  they  were  repeated  with  very  great 
care ;  and  to  these  were  added  another  set  of  experiments, 
made  with  the  same  magnet  and  the  same  needle,  placed 
not  above  the  magnet,  but  at  one  side  (but  always  in  the 
line  through  the  centre,  perpendicular  to  the  axis,  so  that 
the  actions  of  the  two  poles  might  be  equal).  This  disposi- 
tion evidently  simplifies  the  process  exceedingly.  The  re- 
sult of  the  whole  was  still  more  satisfactory.  This  conclu- 
sion is  also  confirmed  by  the  experiments  of  Mr.  Coulomb 
in  the  Memoirs  of  the  Academy  of  Sciences  at  Paris  for  1786 
and  1787.  It  would  seem  therefore  to  be  pretty  well  es- 
tablished^ Another  method,  which  seems  susceptible  of  con- 
siderable accuracy,  still  remains  to  be  tried.  It  will  be  men- 
tioned in  due  time. 

Such  then  are  the  general  laws  observed  in  the  mutual 
action  of  magnets.  We  think  it  scarcely  necessary  to  enter 
into  a  farther  detail  of  their  consequences,  corresponding  to 
the  innumerable  varieties  of  positions  in  which  they  may  be 
placed  with  respect  to  each  other.  We  are  confident,  that 
the  sensible  actions  will  always  be  found  agreeable  to  the  le- 
gitimate consequences  of  the  general  propositions  which  we 
have  established  in  the  preceding  paragraphs;  We  proceed 
therefore  to  consider  some  physical  facts  not  yet  taken  no- 
tice of,  which  have  great  influence  on  the  phenomena,  and 
greatly  assist  us  in  oUr  endeavours  to  understand  something 
of  their  remote  cause. 
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868.  Magnetism^  in  all  its  modifications  of  «ttndian»  f^ 
pulsion,  and  direction,  is,  in  general,  of  a  temporary  or  p^ 
rishing  nature.  The  best  loadstones  and  magnets,  mkv  |j 
kept  with  care,  and  with  attention  to  certain  drcumstiiKii 
are  observed  to  diminish  in  their  power.  Natural  \o§AHmfh 
and  magnets  made  of  steel,  tempered  as  hard  as  poaWfj 
retain  their  virtue  with  the  greatest  obstinacy,  and-flddPB 
lose  it  altogether,  unless  in  situations  which  our  knawledpof 
magnetism  teaches  us  to  be  unfavourable  to  its  duraUEtj. 
Magnets  of  tempered  steel,  such  as  is  used  for  wateb-fpdagii 
are  much  sooner  weakened,  part  witli  a  greater  praportiaa 
of  their  force  by  simple  keeping,  and  finally  retain  Iktk  ^ 
none.  Soft  steel  and  iron  lose  their  magnetiam  iiwM  is 
soon  as  its  producing  cause  is  removed,  and  conooC  bemade 
to  retain  any  senable  portion  of  it,  unless  their  aieuUic  state 
sufier  some  change. 

1.  Nothing  tends  so  much  to  impur  tlie  power  of  a  mag- 
net as  the  keeping  it  in  an  improper  position.  If  its  axis  be 
placed  in  the  magnetic  direction,  but  in  a  contrary  positioDi 
that  is,  with  the  north  pole  of  it  where  the  south  pde  tends 
to  settle,  it  will  grow  weaker  from  day  to  day ;  and  unless 
it  be  a  natural  loadstone,  or  be  of  hard  tempered  ated,  it 
will,  after  no  very  long  time,  lose  its  power  altogether. 

2.  This  dissipation  of  a  strong  magnetic  pow^  is  gieady 
promoted  by  heat.  Even  the  heat  of  boiling  water  affects 
it  sensibly  ;  and  if  the  magnet  be  made  red  hot,  its  power 
is  entirely  destroyed.  This  last  fact  has  long  been  known. 
Dr.  Gilbert  tried  it  with  many  degrees  of  violent  heat,  and 
found  the  consequences  as  now  stated ;  but  having  no  ther- 
mometers in  that  dawn  of  science,  he  could  not  say  any  thing 
precise.  He  only  observes,  that  it  is  destroyed  by  a  heat 
not  sufficient  to  make  it  visible  in  a  dark  room.  Mr.  Can- 
ton found  even  boiling  water  to  weaken  it ;  but  on  oooUng 
again  the  greatest  part  was  recovered*. 

*  M.  Gay  Lussac  obterved  the  same  fact  with  regard  to  nickel ;  and  he  found 
also  that  both  nickel  and  iron  cease  to  be  attracted  by  the  magnet  when  tMey 
arc  made  red  hot    £p. 
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F  3.  TVhat  is  more  remarkaWe,  magnetism  is  impaired  by 
I  Uij  rough  usago.  Dr.  Gilbert  found,  that «  magnet  which 
be  had  impregnaied  very  strongly,  was  very  nmch  impaired 
by  a  flDgtc  fall  on  ihe  floor ;  :U>d  it  has  be«i  observed  unce 
hU  lime,  that  Tailing  on  stoms,  or  receiving  any  coneusskm 
which  causes  the  magnet  to  ring  or  soartd,  burti  it  much 
more  than  beating  it  with  any  thing  soft  and  yielding.  Grind- 
ing a  natural  loadstone  with  coarse  powders,  to  bring  it  into 
»)uipc,  weakens  it  much ;  and  loadstones  should  thereTore 
be  reduced  into  a  shape  as  little  different  from  their  natural 
form  as  possible ;  and  this  shiiuld  be  done  briskly,  cutting 
ihem  with  the  thin  disks  of  the  lapidary's  wheel,  cutting  off 
only  what  is  necessary  fur  having  their  most  active  ports  or 
poles  as  near  their  cxtreiiiitiis  as  we  can. 

All  these  causes  of  the  iltntlnution  of  magnetism  are  more 
operative  if  the  magnt^t  be  till  the  wlrile  in  an  improper  po- 

EltioQ. 

4.  Lastly,  nognctisra  is  impmred  and  destroyed  by  placing 
the  magnet  near  another  magnet,  with  thor  sunilar  poles 
fronting  each  other.  'We  have  bad  occasion  to  remark  this 
already,  when  mentioning  the  experiments  made  with  mag- 
□ets  iu  this  position,  for  ascertaining  the  general  IsWs  or  va- 
riations of  tlieir  repulsion.  We  theri  observed,  that  mAg- 
Qet£  so  situated  always  weakened  each  other,  and  that  a 
powerful  magnet  often  changed  the  species  of  Uie  nearest 
pole  of  one  less  powerful.  This  change  is  recovered,  in  part 
at  least,  when  it  has  taken  place  in  a  loadstone  or  a  magnet 
of  hard  steel;  but  in  sprln;;:  tempered  steel  the  change  is 
genendly  permanent,  and  aluioet  to  the  full  extent  ofit^e 
dition  while  the  magnets  are  togethn-.  It  is  to  be  r 
ed,  that  this  change  is  gradual ;  and  is  expedited  b^'  sltf  of 
the  other  causes,  particularly  by  heat  or  by  lnk>ekitfg. 

369.  On  the  other  hand,  magnetism  isitcqiAred  b^'tfle 
euQG  means,  when  some  other  circumstances  are  atieitiMto. 

1.  A  bar  of  iron,  which  has  long  stood  in  the  magnetic 
(iirectiDn,  or  nearly  so,  will  gradn^Iy  acquire  magnetism, 
and  the  ends  will  acquire  the  polarity  corresponding  to  their 
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situation.      In  this  couptry,  and  the  north  of  Euro 
old  sjnndles  of  turret  vanes,  old  bars  of  windows, 
quire  a  sensibly  magnetism ;  their  lower  extremity 
ing  a  north  pole,  and  the  other  end  a  south  pole, 
says,  that  this  was  first  observed  in  Mantua,  in  tl 
spindle  of  the  Augustine  chureh*— ^*  VentojUxa  (si 
ieprampta,  et  apolhecario  cuidam  concessa^  aUrahebatft, 
meiUa,  vi  perquam  insigni!"     The  upper  bar  of  a  h 
to  a  stur  on  the  north  side  of  the  highest  part  of  the 
of  St  Giles^  church  in  Edinburgh  is  very  magnetic 
the  upper  end  of  it,  where  it  is  lodged  in  the  stone, 
gorous  south  pole.   It  is  worth  notice,  that  the  parts 
old  bars  acquire  the  strongest  magnetism  when  theii 
lie  state  is  changed  by  exposure  to  the  air,  becoming 
and  friable.     It  would  be  worth  while  to  try,  whetl 
aBthidps  marUalis,  produced  by  steam  in  the  experimi 
deoompoang  water,  will  acquire  magnetism  during 
duction.   The  pipe  and  the  wires,  which  are  convert 
the  shining  sethiops,  should  be  placed  in  tlie  magneti 
tion. 

2.  If  a  bar  of  steel  be  long  hammered  while  lyin| 
magnetic  direction,  it  acquires  a  sensible  magnctis 
Dr.  Gilbert's  plate,  representing  a  blacksmith  bamn 
bar  of  iron  in  the  magnetic  direction).  The  points  < 
especially  the  great  ones,  which  are  urged  by  very  grc 
sure ;  and  broaches,  worked  by  a  long  lever,  so  as  to 
iron  very  fast,  acquire  a  strong  magnetism,  and  th 
end  always  becomes  the  north  pole  (Phil,  Trans,  x: 
Even  driving  a  hard  steel  punch  into  a  piece  of  iroi 
it  magnetism  by  a  single  blow.  In  short,  any  very 
squeeze  given  to  a  piece  of  tempered  steel  renders  it 
tic,  and  its  polarity  corresponds  witli  its  position  du 
experiment  We  can  scavcely  take  up  a  cutting  oi 
tool  in  a  smithes  shop  that  is  not  magnetical.   Even  s 

*  GftMcndi  it  said  to  hnve  ftnt  obtenred  this  in  the  cross  of  the  s( 
Gfanrdi  of  SL  Jeta  d'Aix»  in  Provenc^.    Ed. 
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and  iron  acquire  permanent  magnetism  in  this  way.  Iron 
also  acquires  it  by  twisting  and  breaking.  It  is  therefore 
difficult  to  procure  pieces  of  iron  or  steel  totally  void  of  deter- 
minate and  permanent  magnetism  ;  and  this  frequently  mars 
the  experiments  mentioned  in  the  first  paragraphs  of  this  arti- 
cle*. The  way  therefore  to  ensure  success  in  these  experiments 
is  to  deprive  the  rods  of  their  accidental  magnetism,  by  some 
of  the  methods  mentioned  a  little  ago.  Let  them  be  heated 
red  hot,  and  allowed  to  cool  while  lying  in  a  direction  per- 
pendicular to  the  magnetic  direction  (nearly  £.  N.  E.  and 
W  S.  W.  in  this  country.) 

3.  As  heat  is  observed  to  destroy  magnetism^  so  it  Qiay 
also  be  employed  to  induce  it  on  substances  that  are  sus- 
ceptible of  magnetism.  Dr.  Gilbert  makes  this  observa- 
tion in  many  parts  of  his  work.  He  says,  that  the  ores  of 
iron  which  are  in  that  particular  metallic  state  which  he 
considers  as  most  susceptible  of  magnetism,  will  acquire  it 
by  long  continuance  in  a  red  heat,  if  laid  in  the  magnetic 
direction,  and  that  their  polarity  is  conformable  to  their  posi- 
tion, that  end  of  the  mass  which  is  next  the  north  becom- 
ing the  north  pole.  He  also  made  many  experiments  on 
iron  and  steel  bars  exposed  to  strong  heats  in  the  magneti- 
cal  direction.  Such  experiments  have  been  made  since  Gil- 
berths  time  in  great  number.  Dr.  Hooke,  in  1684,  made 
experiments  on  rods  of  iron  and  steel  one  fifth  of  an  inch  in 
diameter,  and  seven  inches  long.  He  found  them  to  ac- 
quire permanent  magnetism  by  exposure  to  strong  heat  in 
the  magnetic  direction,  and  if  allowed  to  cool  in  that  direc- 
tion. But  the  magnetism  thus  acquired  by  steel  rods  was 
much  stronger,  and  more  permanent,  if  they  were  sudden- 
ly quenched  with  cold  water,  so  as  to  temper  them  very  hard. 

*  M.  Ofty  Lussac  was  bence  led  to  try  if  iron  experienced  any  change  of  Inilk 
in  becoming  magnetic  Having  filled  an  iron  tube  with  water,  and  attached  to 
one  end  a  very  fine  tube  of  glass  in  which  th^t  water  rose,  he  magnetiied  the 
iron  tube,  but  could  not  perceive  any  rise  of  the  water  in  the  glass  tube.  This 
Is  precisely  what  we  should  have  dxpected,  as  we  conceive  that  one  of  the  polep 
is  in  a  state  of  expansion,  while  the  other  is  in  a  state  of  cootrackkm.  See  Biot^ 
TfOif^  ic  Fh^dquit  toou  iii.  p.  &  and  PML  Tram.  1816.  p.  98, 105,  156,  4(C. 
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He  found  that  the  end  which  was  next  to  th^  nortb,  or  tlie 
lower  end  of  a  vertical  bar,  was  always  its  permanent  noith 
pole.  Even  quenching  the  upper  end,  while  the  rest  m 
suffered  to  cool  gradually,  rendered  it  a  very  sennble  soodi 
pole.  No  magnetism  was  acquired  if  this  operadon  was  per- 
formed on  a  rod  lying  at  right  angles  to  the  magnetiol 
direction. 

In  these  trials  the  polarity  was  always  estimated  by  the 
action  on  a  mariner's  needle,  and  the  intensity  of  the  n^ 
netbm  was  estimated  by  the  deviation  caused  in  tlus  needle 
from  its  natural  position.     Dr.  Gilbert  made  a  very  remark- 
able observation,  which  has  since  been  repeated  by  Mr. 
Cavallo,  and  published  in  the  Philosophical  Transacdons 
as  a  remarkable  discovery.   Dr.  Gilbert  says,  p.  69.  ^  BacU' 
lumferreum,  validc  ignitum  appone  versorio  txcUo;  Hai  verso* 
riuniy  nee  ad  ialeferrum  convcrtilur:  sed  slatim  itf  pmicm  & 
candorc  aliquarUulum  remiserit^  confuit  illico^     In  several 
other  parts  of  his  treatise  he  repeats  the  same  thing  with 
different  circumstances.     It  appears,  therefore,  that  yrlule 
iron  is  red  hot,  it  is  not  susceptible  of  magnetism,  and  that 
it  is  during  the  cooling  in  the  magnetic  direction  that  it  ac- 
quires it.     Gilbert  endeavoured  to  mark  the  degree  of  heat 
most  favourable  for  this  purpose;  but  being  unproxidcd 
with  thermometers,  he  could  not  determine  any  thing  with 
precision.   He  says,  that  the  vcrsorium,  or  mariner's  needle, 
was  most  deranged  from  its  natural  {X)sition  a  little  while 
after  the  bar  of  iron  ceased  to  shine  in  day-light,  but  was 
still  pretty  bright  in  a  dark  room.     But  there  are  other 
experiments  which  we  have  made,  and  which  will  be  men- 
tioned by  and  bye ;  by  which  it  appears,  that  although  a 
bright  red  or  a  white  heat  makes  iron  unsusceptible  of  mag- 
netism while  in  that  state,  it  predisposes  it  for  becoming 
magnetical.     When  a  bar  of  steel  was  made  to  acquire  mag- 
netism by  tempering  it  in  the  magnetical  direction,  we  found 
that  the  acquired  magnetism  was  much  stronger  when  the 
bar  was  made  first  of  all  very  hot,  even  although  allowed  to 
come  to  its  most  magnetical  state  before  quenchmg,  than  if 


MAGNETISM.  H9 

it  had  been  heated  only  to  that  degree ;  nay,  we  alwayil 
found  it  stronger  when  it  was  quenched  when  red  hot*.  We 
offer  no  explanation  at  present ;  our  sole  business  just  now 
being  to  state  facts,  and  to  generalize  them,  in  the  hopes  of 
finding  some  fact  which  shall  contain  all  the  others. 

4.  The  most  distinct  acquisitions  and  changes  of  magnet- 
ism  are  by  juxtaposition  to  other  magnets  and  to  iron.  Afi 
the  magnetism  of  a  loadstone  or  magnet  is  weakened  by 
bringing  its  pole  near  the  similar  pole  of  another  magnet,  it 
is  improved  by  briii^ng  it  near  the  other  pole ;  and  it  is  al- 
ways improved  by  brining  it  near  any  piece  of  iron  or  soft 
steel. 

Bot  this  action )  and  the  mutual  relation  of  magnets  BSoA 
conunon  iron,  being  the  most  general,  and  the  most  curi- 
ous and  instructive  of  all  the  phenomena  of  magnetism^ 
they  merit  a  very  particular  consideration. 

Of  the  communictition  of  Magnetism, 

270.  The  whole  may  be  comprehended  in  one  proposition^ 
which  may  be  said  to  contain  a  complete  theory  of  magneto 
ism. 

Fundamental  proposition. 

Any  piece  of  irony  when  in  the  neighbourhood  of  a  magnet,  u 
a  magnety  and  its  polarity  is  so  disposed  that  the  magnet  ctnd  tt 
mutually  attract  each  other. 

The  phenomena  which  result  from  this  fundamental  prin- 
ciple are  infinitely  various,  and  we  must  content  ourselves 
with  describing  a  simple  case  or  two,  which  will  sufficiently 
enable  the  reader  to  explain  every  other. 

271.  Take  a  large  and  strong  magnet  NAS  (Plate  IH. 
fig-  '''•)>  ®?  which  N  is  the  north,  and  S  the  souh  pole.  Let 
it  be  properly  supported  in  a  horizontal  position,  with' its 

*  A  very  interesting  series  of  experiments  on  the  influence  of  teinpwalare 
upon  magnets,  was  found,  after  the  death  of  Coulomb,  among  his  mipubUihed 
papers.  An  acconnt  of  them  will  be  found  in  Biot's  TVoi/e  de  Phynqnt^  torn. 
iii.  p.  106,  or  in  the  article  Maghetism  in  the  Eoi^bukgh  Bkctclopsdia, 
Written  by  that  eainent  mftthetntticitn.    Eflw 
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poles  free,  and  at  a  distance  from  iron  or  other  bodieSp 
Take  any  small  jHece  of  common  iron,  not  exceeding  two 
or  three  inches  in  length,  such  as  a  small  key.  Take  sho 
another  piece  of  iron,  such  as  another  smaller  key»  or  a  bit 
of  wire  about  the  thickness  of  an  ordinary  quiU. 

1.  Hold  the  key  horiaontally,  near  one  of  the  poles,  (la 
shewn  at  No  1.  fig.  7.  Plate  III.),  taking  care  not  to  tfwh 
the  pole  with  it;  and  then  bring  the  other  piece  of  iron  to  the 
other  end  of  the  key  (it  is  indifferent  which  pole  is  thosip- 
proached  with  the  key,  and  which  end  of  the  key  is  held  neir 
the  pole)  The  wire  will  hang  by  the  key,  and  will  oontinDe 
to  hang  by  it,  when  we  gradually  withdraw  the  key  hoii- 
zontally  from  the  magnet,  till,  at  a  certain  distance  the 
wire  will  drop  from  the  key,  because  the  magnetism  imparted 
from  this  distance  is  too  weak*  That  this  is  the  sole  reason 
of  its  dropping,  will  appear  by  taking  a  shorter,  or  rather  a 
slenderer,  bit  of  wire,  and  touch  the  remote  end  of  the  key 
with  it:  it  will  be  supported,  even  thou^  we  remove  the 
key  still  farther  from  the  magnet 

2.  Hold  the  key  below  one  of  the  poles,  as  at  No  2,  or  3, 
and  touch  its  remote  end  with  the  wire.  It  will  be  sust 
ponded  in  like  manner,  till  we  remove  the  key  too  far  from 
the  magnet 

3.  Hold  the  key  above  the  poles,  as  at  No  4,  or  5,  and 
touch  its  adjacent  end  with  the  wire  (taking  care  that  the 
wire  do  not  also  touch  the  magnet).  The  wire  will  still  be 
supported  by  the  key,  till  both  are  removed  too  far  fn»a 
the  magnet. 

Thus  it  appears,  that  in  all  these  situations  the  key  has 
shewn  the  characteristic  phenomenon  of  Magnetism,  namely, 
attracUon  for  iron.  In  the  experiment  with  the  key  held 
above  the  pole,  the  wire  is  in  the  same  situation  in  respect  to 
magnetism  as  the  key  is  when  held  below  the  pole;  but  the 
actions  are  mutual.  As  the  key  attracts  the  wire,  so  the 
wire  attracts  the  key. 

If  the  magnet  be  supported  in  a  vertical  position,  as  in 
Plate  III.  fig.  8.  the  phenomena  wiU  be  the  same;  and  when 
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thil  key  u  held  direeUy  abore  or  directly  beloir  the  pol«,  it 
ml]  any  rather  a  heavier  mie  thui  in  the  horizoDtiil  •pan- 
lioB  of  the  magnet  snd  key. 

tnslead  of  approadibg  the  magnet  with  the  key  and 
lilt,  m  may  bring  the  magnet  toward  them,  and  the  phe- 
MDena  will  be  still  more  palpable.  Thus,  if  the  Int  of  wire 
Ik  Ijtng  on  the  table,  and  we  touch  one  end  of  it  with  the 
itj,  they  will  shew  bo  oonoection  whatever.  Wl|ile  we 
hold  fbe  key  very  near  one  end  of  the  wire,  bring  down  the 
p^  oft  mignet  toward  the  key,  and  we  shall  then  >ee  the 
eoiatthe  wire  rise  ap  and  stidt  to  the  key,  which  will  now 
rt  it  In  like  manner,  if  we  lay  a  quantity  of  iron 
SS&op  on  the  table,  and  touch  them  with  the  key,  in  the 
tbgeoce  of  the  magnet,  we  find  the  key  totally  inactive. 
601,  on  bringing  the  magnet  any  how  near  the  key,  it  int. 
mediately  attracts  the  inm  filings,  and  gathers  up  a  heap  of 
Ihem, 

S7?.  In  the  nest  place,  this  vicinity  of  a  magnet  to  a 
piece  of  iron  girea  it  a  ducctive  power.  Let  NAS  (Plate 
in.  &g.  9.)  be  a  mi^aet,  and  BC  (N°  I.)  a  key  held  near 
iW  north  pale,  snd  in  the  direction  of  the  axis.  Bring  a 
wy  npU  mariner's  needle,  supported  on  a  sharp  point, 
PK  die  Rid  C  of  the  key  which  is  farthest  from  N.  We 
^■etfya  needk  immediately  turn  its  south  pole  towards 
HMjIitsiKnth  poleaway  from  C.  Thb  poation  of  the 
Wqili  inUeatad  at  c,  by  marking  its  nor^  pole  with  « 
WViU  its  loiith  with  a  cross.  Thus  it  appears  that  the 
■^  ha  pita  directive  power  like  a  magnet,  and  that  the 
OiCkpoAtnung  the  office  of  a  north  pde,  attracting 
"■■Mb  pole  of  the  needle,  and  repelling  its  nralh  pole. 
''•V  bideed  be  said*  that  the  needle  at  c  arranges  itself 
■4b  muKT  by  the  directive  power  of  the  magnet ;  for 
■t^mdd  take  the  same  pontiim  although  the  key  were  away. 
^ifvaphoe  the  needle  at  &,  it  will  arrange  itself  as  tbm 
'^^ttad,  Viewing  that  it  is  influeooed  by  the  key,  antf 
'"'{ttolljr  at  least)  by  the  magnet  In  like  manner,  if  we 
P***ftl»iyedlc  ttmfHt  shall  see  it  torn  ita  north  pole  to* 
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ward  B,  notwithstanding  the  action  of  the  magnet  oak 
This  action  evidently  tends  to  turn  its  north  pole  quite  ai 
other  way ;  but  it  is  influenced  by  B,  and  B  is  perfetiu 
the  office  of  a  south  pole. 

In  like  manner,  if  we  place  the  key  as  at  No  2,  we  ib 
observe  the  end  B  attract  the  south  pole  of  the  need 
placed  at  a,  and  the  end  C  attract  the  north  pole  of  a  need 
placed  in  b.  In  this  situation  of  the  key,  we  see  that 
performs  the  office  of  a  north  pole^  and  C  performs  tfaeofi 
of  a  south  pole. 

Thus  it  appears  that  the  key  in  both  atuadons  has  I 
come  a  magnet,  possessed  of  both  an  attractive  and  a  din 
tive  power.     It  has  acquired  two  poles. 

273.  Lastly,  the  magnetism  of  the  key  is  so  cGsposi 
that  the  two  magnets  NAS  and  BC  must  matoaOy  attn 
each  other;  for  their  dissimilar  poles  front  each  other.  No 
it  b  a  matter  of  uniform  and  uncontradicted  observation,  tl 
when  a  piece  of  iron  is  thus  placed  near  a  magnet,  and  t 
disposidon  of  its  magnetism  is  thus  examined  by  means 
a  mariner's  needle,  the  disposition  is  such  that  two  pen 
ncnt  magnets  with  their  poles  so  disposed  must  attract  ei 
other.  The  piece  of  iron,  therefore,  having  the  same  mi 
netic  relation  to  the  magnet  that  a  similar  and  similarly  ( 
posed  magnet  has,  must  be  affected  in  the  same  manii 
We  cannot,  by  any  knowledge  yet  contained  in  this  arU< 
give  any  precise  intimation  in  what  way  the  polarity  of  i 
piece  of  iron  will  be  disposed.  This  depends  on  its  Ai 
as  much  as  on  its  position.  By  describing  two  or  three  i 
amples,  a  notion  is  obviously  enough  suggested,  which, 
though  extremely  gratuitous,  and  perhaps  erroneous,  is 
service,  because  it  lias  a  general  analogy  with  the  obscr^ 
appearances. 

If  one  end  of  a  slender  rod  or  wire  be  held  near  the  no 
pole  of  the  magnet,  while  the  rod  is  held  in  the  direct 
of  the  axis  (like  the  key  in  Plate  III.  6g.  7.  N<»  I.)  the  m 
end  becomes  a  south,  and  the  remote  end  a  north  p 
Zeepmg  this  south  pole  in  its  place,  and  turning  the  rod 
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n  from  tJience^  u  £rom  a  ceotte,  the  reiuote  cod 
s  noith  pole.  And>  io  general,  the  end  of  any 
^ieoe  of  ironvhM^  is  nearqitto^paleof  amagnet 
a  pole  of  the  opposite  name,  while  the  remote  end 
a  pole  of  the  same  name  with  that  of  the  magnet, 
iron  nx)  be  held  perpendiculajly  to  the  axia,  with 
very  oear^the  north  pole  of  the  magnet^  the  two 
cxtnmiti«»  of  the  iron  become  north  poles,  and  the  middle 
U  a  aoutlt  fde. 

If  ihe  north  pole  of  a  magnet  be  held  perpendiculai  to 
liiectnlreofa  round  iron  plate,  and  very  near  it,  this  plate 
will  iiavc  a  south  pole  in  its  centre,  and  every  part  of  its 
(fumierence  will  li^ve  the  virtue  of  a  north  pole. 

Jflbepbte  be  shaped  with  poinulike  a  star,  each  of  these 
fuoia  will  be  a  very  diatinct  and  vigorous  north  pole. 

Something  like  this  will  be  observed  in  a  piece  of  iron  of 

uy  itieguU;  &hape.     The  part  immediately  adjoining  to 

4lw  nptth  poU  of  the  magnet  will  have  the  virtue  <^  a  south 

"" "  *    remote  protuberances  will  be  north  poles. 

rally  su^ested  by  these  ^pearances  is, 

_  _^     flf »  jurth  pole  seems  to  reside  in  something 

•)hKirWP*<wl>l(^«od  ^^  it  is  protruded  by  the  Dortb  pole 

^dia  u^joet  toward  the  remote  parts  of  the  iron ;  and  is 

4)01  yrr^''lff*t*  in  all  the  remote  edges,  points,  and  protu- 

^^^Gf^  naA  in  the  same  manner  as  electricity  is  observed 

^M  prafruded  to  the  remote  parts  and  protuberances  of  a 

|[[^lln(^l!g  body  by  the  presence  of  an  overcharged  body. 

•CNiqlBtioB  wijl  greatly  asust  the  imagination ;  and  its  ood- 

^  Tprj  mudi  resemble  what  we  observe. 

mark  of  the  complete  communication  of 
_  _iower  by  mere  vicinity  to  a  magnet,  we  may 
Wvobaarv^diat  the  wire  DofPlate  III.  fig.  7.  No  8,  and 
4^  w31  Wppnt  another  wire,  and  this  another ;  and  so  on, 
-%A  water  degrading  on  the  strength  of  the  magnet  The 
iHf -Ml  Utat&xe  become .  a  true  magnet  in  every  reelect ; 
fit  il.  laducra  oomfAete  magnetism  on  the  af^nded  wire. 
TteAia  is  not  the  aame  operation  of  the  grc«t  magnet  (at 
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kast  not  wholly  so),  appears  by  examining  the  magnetii 
of  D  with  the  needle,  which  will  be  seen  to  be  more  h 
fluenced  by  D  than  by  A.  This  fact  has  been  long  Imovi 
The  andenta  speak  of  it :  They  observe,  that  a  loadftan 
causes  an  iron  ring  to  carry  another  ring,  and  that  a  tUM 
and  so  on,  till  the  string  of  rings  appears  like  a  chain. 

S74.  What  has  now  been  said  will  asplain  a  seeming  ez 
ception  to  the  umversality  of  the  proposition.  If  the  kr 
be  held  in  the  situation  and  position  represented  in  Plili 
III.  fig.  10.  the  bit  of  wire  will  not  be  attracted  by  it ;  an 
we  may  imagine  that  it  has  acquired  no  magnetism:  Buti 
wc  bring  a  mariner^s  needle,  or  a  bit  of  wire,  near  to  its  R 
mote  end  B,  it  will  be  strongly  attracted,  and  shew  B  to  l 
a  north  pole.  The  needle  held  near  to  C  will  also  sfcew  ( 
to  be  a  south  pole.  Also,  if  held  near  to  D,  it  will  shew  ] 
to  be  a  north  pole.  Now  the  ends  C,  both  of  the  key  an 
of  the  wire,  being  south  poles,  they  cannot  attract  eadi  othe 
but,  on  the  contrary,  they  will  repel ;  and  therefore  the  wn 
will  not  adhere  to  the  key.  And  if  the  key  of  Plate  II 
fig.  7.  No  4.  with  the  wire  han^ng  to  it,  be  gradually  ca 
ried  outward,  beyond  the  north  pole  of  the  magnet,  an 
then  brought  down  till  its  lower  end  be  level  with  the  pol 
the  wire  will  drop  off. 

There  is,  however,  one  exception  to  the  proposition, 
the  key  in  Plate.  III.  fig.  7.  with  its  appending  wire  D,  1 
gradually  carried  from  any  of  the  situations  8,  3,  4,  or 
toward  the  middle  of  the  magnet,  the  wire  will  drop  c 
whenever  it  arrives  very  near  the  middle.  If  we  suppose 
plane  to  pass  through  the  magnetic  centre  A,  piependicul 
to  the  axis  (which  plane  is  very  properly  called  the  magnet 
equatorial  plane  by  Gilbert),  a  slender  piece  of  iron,  hel 
any  where  in  this  plane,  acquires  no  sensible  magnetisx 
It  ^ves  no  indication  of  any  polarity,  and  tie  is  noi  aitrac^ 
fy  the  magnet.  It  is  well  known,  that  the  activity  of  a  hMi 
stone  or  magnet  resides  chiefly  in  two  parts  of  it,  whii 
have  been  called  its  poles ;  and  that  those  are  the  best  ma 
nets  or  loadstones  in  which  tliis  activity  is  least  diffiMed 
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ttnd  that  s  certain  circumference  of  ererir  loadstone  or  nui^ 
net  is  wholly  inactive.  When  a  loadMone  or  nulgnet  t^any 
&me  is  laid  aiaoDg  iron  filings,  it  cdlects  tboiB  oU  tmxjMUrts' 
iCoIt  of  il«  surface,  and  between  these  there  is  •  vpaee  aD 
nwnd,  to  whicli  no  filings  attach  themselTcs. 

We  presume  that  the  reader  already  explabs  this  aj^ieaN 
ana  to  tumselT.  Many  things  shew'  a  contrariety  of  iolioB 
of  tlietvo  pedes  of  a  magnet.  Wehave  alreadyobservedABt 
the  north  pole  of  a  fitrong  magnet  will  produce  m  ttroog 
tttHthem  polarity  in  the  remote  end  of  a  nnall  tted  barf 
anii,  if  it  be  then  applied  near  to  thkt  end  in  the  oppo^te 
ilircciion,  it  will  destroy  this  polarity,  In  whatever  theaeao- 
ticau  may  consist,  there  is  something  not  only  differentbtit 
of^ile.  They  do  not  blend  their  efieets,  as  the  yellow  ind 
Uae making  rays  doinpro(lucin<rgreen.  They  oppoaeeadi 
dher,  like  mechaniuil  pressures  or  impulnona.  We  hare 
every  nark  of  mechanical  action  ;  we  have  local  motion, 
though  unseett,  eKoept  in  the  gradual  progresfflon  of  the  iD»g^ 
nelicaJ  faculties  along  the  bar  ;  but  we  hare  it  distinctly  in 
the  ultioiate  eflect,  the  approach  orneeu  rfthe  nagneta  t 
"III  in  llicsc  phenomena  we  sec  pliunly,  that  the  fiMces  in 
poducing  their  effects,  act  in  oppoute  £rectl(His-  What- 
^a  the  internal  invisible  motions  may  be,  they  are  cotn- 
poKd  of  motions  whose  equivalents  are'  the  same  with  the 
"luiTalenti  of  the  ultimate,  eKlcrnal,Eenuble  motions;  there* 
ibn  the  internal  motions  are  opposite  and  equal  if  the  sett* 
rible  motions  are  so,  and  conversely. 
Adopting  this  principle,  therefore,  that  the  actions  of  the 

j     tiro  poles  are  not  only  different  but  oppoRie,it  follow^  that 
iftbey  are  also  equal  and  act  Mmilarly,  each  ttMSt prtykKt 

I    Ihe  action  of  the  other ;  and  that  thette  will  be  a  mechacical 

I    eqailifarium— it  may  wen  be  callLxl  a  magnetical  equilittrf^' 
Un.  Therefore  if  every  part  of  a  slendef  rod,  orof  a  thin  plate 

'   DTiron,  lie  in  the  plane  of  the  magnetic  eqtutor,  the  magne- 
tic state  (in  whatever  it  may  consist)  Cannot  be  product  In 

j  it    It  will  exhibit  no  magnetism ;  have  no  pdar  &cultieli ; 
■od  we  can  see  no  reason  why  it  should  be  attracted  by  the 
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magnet,  or  should  attract  iron.  We  must  not  forget  to  ob 
a^nre  in  this  place,  that  irop  in  a  state  of  incandescence  ac- 
quires no  magnetism  by  juxtaposition.  We  have  already  re- 
marked, that  iron  in  this  state  does  not  affect  the  magnet. 
If  a  bar  of  red  hot  iron  be  set  near  a  mariner''3  needle,  it 
does  not  affect  it  in  the  smallest  degree  till  it  almost  cease? 
to  fippear  red  hot  in  day  light,  as  has  been  observed  by  Dr. 
Gilbert.  All  acUons  that  we  know  are  accompanied  by 
tqual  and  opposite  re-actions ;  and  we  should  expect,  what 
leally  happens  in  the  present  case,  namely,  that  red  hot  iron 
abould  not  be  rendered  magnetieal  and  attractable. 

There  is  a  very  remarkable  circumstance  which  accompanies 
the  wliple  of  this  communication  of  magnetism  to  a  piece  of 
iron.  It  does  not  impair  the  power  of  the  magnet ;  but,  on 
the  contrary,  improves  it.  This  &ct  was  observed,  and  par- 
ticularly attended  to,  by  Dr.  Gilbert  He  remarks,  that  a 
xoagliet,  in  the  hands  of  a  judicious  philosopher,  may  be 
made  to  impart  more  magnetism  than  it  possesses  to  each  of 
ten  thousand  bars  of  steel,  and  that  it  will  be  more  vigorous 
than  when  the  operations  began.  A  magnet  (says  he)  may 
be  spoiled  by  injudicious  treatment  m\h  other  magnets,  but 
liever  can  touch  a  piece  of  common  iron  without  being  im- 
proved by  it.  He  gives  a  more  direct  proof.  Let  a  magnet 
carry  as  heavy  a  lump  of  iron  as  poasible  by  its  lower  pole. 
Bring  a  great  lump  of  iron  dose  to  its  upper  pole,  and  it  will 
now  carry  more.  Let  it  be  loaded  with  as  much  as  it  can 
carry  while  the  lump  of  iron  touches  its  upper  pole.  Remove 
this  lump,  and  the  load  will  instantly  drop  off.  But  the  fol- 
lowing experiment  shews  this  truth  in  the  most  convincing 
manner: 

Let  NAS  (Plate  III.  fig.  IL)  be  a  magnet,  not  very  large 
nor  of  extreme  hardness.  Let  CD  J)e  a  strong  iron  wire, 
hanging  perpendicularly  from  a  homa  ^by  a  short  thread  or 
loop.  The  magnet,  by  its  action  on  CD,  rend^s  D  a  north 
pdie  and  C  a  south  pole,  and  the  polarity  of  D's  magnetism 
fits  it  for  being  attracted.  Let  it  assume  the  portion  C  f , 
and  let  this  be  very  carefully  marked.    Now  bring  a  great 
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near  to  tlie  other  cod  of  tlie  magnet.     We 

itljr  perceive  the  wire  C  e  approach  to  the  Mttlh 

DUgnet,  uking  a  poNtion  C  /     Withdraw  the 

and  C/will  t'Lill  backintotbepuaitioiiCe.  As 

the  iron  bar  gradually  nearer  to  the  niR^eli  the 

deviate  farther  from  tlie  perpendicular,  and  when 

B  touches  the  magnot,  CD  will  start  a  grent  way 

ftmtd.    It  is  also  farther  to  be  ohservcd,  that  the  larger 

ibetNtaf  ifOR  is,  the  moni  will  CD  deviate  from  the  pcr- 

pendieuhr. 

Koir  (hit  must  be  ascribed  to  tlie  action  of  the  bar  on  the 
ougiieL  For  if  the  magnet  be  removed,  the  bar  alime  will 
make  no  lensible  ulmngc  on  ihe  poHtion  of  the  wire.  We 
ksot  tliat  the  bar  of  i  ron  becomes  nugneticol  by  the  vicinity 
of  ibe  mi^et.  If  we  doubt  this,  we  need  only  examine  it  by 
BUUu  of  a  piece  of  iron  or  u  mariner's  needle.  This  will 
lhe«  Bs  that  «  hag  become  a  south,  and  n  a  north  pole 
HcK  then  are  two  magnets  with  their  disnmilar  poles  front- 
i'lgeach  other.  Inconli'-mlty  with  the  whole  train  of  mag- 
nttticaj  phenonwiui,  wc  niu>t  tunolude  that  they  attract  each 
°ltier,  sncf  must  improve  tach  other's  magnetism. 
276.  Tins  is  a  ino«t  important  circumstance  in  the  thecn^ 
Fot  it  shews  us,  that,  in  rendering  a  jaece 
there  is  no  material  communication.  There 
gf  the  transference  of  any  substance  rcuding 
■4inipket  into  the  [uaoe  erf' iron;  nor  is  there  even  any 
^■fattOB  of  a  power  or  quality.  Were  this  the  caie>  or 
SAiMjitiiMe  or  qualit)*  which  was  in  A  be  now  transfer- 
llliJi  it  can  no  longer  be  in  A ;  and  therefore  the  phe- 
^MMfCaultiDg  from  its  presence  and  agency  must  be  di- 
VUfced.  We  muft  say  that  the  magnet  has  excited  powov 
IfefeM^  but  doannant,  in  the  iron ;  or  is,  at  least,  the  oc. 
MNROftfiiaexcitemfent,  by  disturbing,  in  some  adequate 
V^Mr^  the  primitive  oondibon  of  the  iron.  We  must  also 
1^  4ik  the  eompetency  of  the  magnet  and  of  the  iron  to 
|n4ifri  ibe  pbentHDeno,  ia  owing  to  the  tasie  cinumstonces 
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in  both ;  because  we  see  nothiDg  m  the  pbenomeiui  wUdi 
authorises  us  to  make  any  distinction  between  them.  Whsft- 
ever  therefore  causes  one  magnet  to  attract  another,  is  alafl 
the  reason  why  a  pece  of  iron  in  the  neighbourhood  cf  m 
magnet  attracts  another  piece  of  iron;  and  we  must  Sf 
that  the  cause  of  polarity,  or  the  origin  of  the  ifireclive 
power,  is  the  same  in  both.  Now  we  understand  peiftcdf 
the  directive  power  of  a  magnet,  as  exerted  on  another  sig- 
net We  see  that  it  arises  from  a  oomlnnation  andmechsBh 
cal  compoutbn  of  attractions  and  repulsions.  It  smith 
the  same  in  this  magnetism  now  inherent  in  the  iron.  Tbe 
|»ece  of  iron  directs  a  mariner^s  needle,  as  a  magnet  wmid 
direct  it;  therefore,  as  there  is  somethingin  a  pieoeof  koOi 
which  mom  attracts  s(Hnething  in  another  piece  of  iioBytt 
ther  is  scxnething  in  the  first  which  repek  aomeChiqg  in  the 
last 

277.  It  may  indeed  be  said  that  it  is  not  apieoe  oCiran, 
but  a  mariner^s  needle,  or  magnet,  that  b  thus  directed  b} 
our  iron  magnetised  by  vicinity  to  a  magnet  This  obJ6& 
tion  is  completely  removed  by  the  most  curious  of  all  tb 
facts  which  occur  in  this  manner  of  produdng  magnetim 
Take  a  jMece  of  common  iron,  fashion  it,  and  fit  it  up  pre 
cisely  like  a  mariner's  needle,  and  carefully  avoid  ever 
treatment  that  can  make  it  magnetical.  Set  it  on  its  pivo 
and  bring  it  near  the  north  pole  of  a  magnet,  placing  tl 
end,  made  Uke  the  south  pole  of  the  needle,  next  to  tl 
north  pole  of  the  magnet.  In  short,  place  it  by  hand  e 
actly  as  a  real  mariner's  needle  would  arrange  itself, 
will  retain  that  position.  Now  carry  it  round  the  magm 
along  the  circumference  of  a  magnetic  curve,  or  in  any  r 
gular  and  continuous  route.  This  piece  of  iron  will,  : 
every  situation,  assume  the  very  same  position  or  attitui 
which  the  real  magnetical  needle  would  assume  if  in  tl 
same  place,  and  it  will  oscillate  predsely  in  the  same  way. 

Here  then  it  is  plain,  that  thereisnodbtinctionof  pow 
between  the  magnetism  of  the  iron  and  of  the  real  needl 
To  complete  the  proof :  Instead  of  approaching  the  magn 
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filh  Ab  inm  needk^  bring  it  into  the  vicinity  of  a  piece  of 

is  itself  magnetical  only  by  vicinity  to  a  magnet, 

ittdbf  just  as  the  real  needle  would  do,  with 

that  it  does  not  indicate  the  kind  of  po- 

the  extremities  of  the  iron,  because  either 

ilisfJIl  wiB  be  attracted  by  them.    And  this  circumstance 

the  consideration  of  the  only  distinction  between 

of  a  loadstone  or  magnet,  and  that  of  common 

of  common  iron  is  momentary,  and 
It ;  whereas  that  of  a  magnet  is  perma- 
When  iron  becomes  magnetic  in  the 
it  renuuns  so  only  while  the  magnet 
;  and  when  that  is  removed,  the  iron  ex- 
of  magnetisnL  Therefore  when  the  north 
pofe  of  a  magnet  has  produced  a  south  pole  in  the  nearest 
caA  cf  aakvi  w«B|  and  a  north  pole  at  its  remote  end,  if 
we  toai  die  mignsti  and  present  its  south  pole,  the  nearest 
■tiS  AewkeiHlantly  becomes  a  north  pole,  and  the 

and  this  change  may  be  made  as  oftoi* 
aad'oeraqpidfy^  as  we  please.    This  is  the  reason  which 

the  experimenter  on  the  iron  needle  to  be- 
by  placing  the  end  marked  for  a  south 
tbe  north  pole  of  the  magnet  It  becomes  a  real 
MUlh  pole  in  an  instant,  and  acts  as  such  during  its  peri- 
foaad  the  magnet    But  in  any  one  of  its  situa- 
.if  we  tnra  it  half  round  with  the  finger,  the  end  which 
turned  away  from  a  pole  of  the  magnet,  will  now 
'Vigorously  toward  it    Therefore,  in  carrying  the 
mmd  the  magnet,  we  directed  the  progress  to 
in  a  oontinuous  line,  to  avoid  all  chance  ofnus- 
tile  fMilarides. 

-^'JNL  For  aU  the  reasons  now  adduced,  we  think  ourselves 
dU^pillosayi  that  the  magnetism  produced  on  common  iron 
'JyiMH  justapention  to  a  magnet,  is  generated  without  any 

of  substance  or  faculty.    The  power  of  pro- 
magnetical  phenomena  is  not  shared  betwcn  the 
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magnet  and  the  iron.  We  shall  call  it  ismcKD  magi 

MACKETISlf  BT  INDUCTION. 

We  have  said  that  induced  magnetism  of  comn 
is  quite  momentary.  This  must  be  understood  witl 
limitations.  It  is  strictly  true  only  in  the  case  oft 
and  purest  soft  iron,  free  of  all  knots  and  hard  v< 
therefore  in  its  most  metallic  state.  Iron  is  randy 
a  state  so  verjrpure  and  metallic ;  and  even  this  i 
acquire  permanent  and  determinate  magnetism  t 
tion,  if  it  has  been  twisted  or  hammered  viokntly, ; 
not  in  the  magnetic  direction ;  also  the  changes  ] 
(we  ima^ne)  on  the  purest  iron  by  the  action  of  t 
sphere  make  it  susceptible  of  fixed  magnetism, 
magnetism  thus  inducible  on  good  iron  is  scarody 
and  of  no  duration,  unless  it  has  lain  in  the  ndgfal 
of  a  magnet  for  a  very  long  while. 

What  has  now  been  sud  of  common  iron,  is  als 
it  when  in  the  state  of  soil  steel. 

280.  But  any  degree  of  temper  that  is  given  to  sti 
a  very  important  change  in  this  respect  In  the  fi 
it  acqu*u*es  magnetism  more  slowly  by  induction 
equal  and  similar  piece  of  common  iron,  and  finally 
less.  These  differences  are  easily  examined  by  t 
tions  which  it  causes  in  the  mariner^s  needle  from 
netic  meridian,  and  by  its  attraction. 

When  the  inducing  magnet  is  removed,  some  n 
remwis  in  the  steel  bar,  which  retains  the  polarit] 
had  in  the  neighbourhood  of  the  magnet. 

Steel  tempered  to  the  degree  fit  for  watch  spring 
a  strong  magnetism,  which  it  exhibits  immediately 
moval  of  the  magnet  But  it  dissipates  very  fast 
a  very  few  minutes,  it  is  reduced  to  less  than  one 
intensity  while  in  contact  with  the  magnet,  and  not  t 
of  what  it  was  immediately  on  removal  from  it.  It 
to  disapate  for  some  days,  though  the  bar  be  kept  i 
but  the  dissipation  diminishes  fast,  and  it  retains  at 
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HUiTitt  grmtut  power  for  any  length  of  time,  unless 
<N|i|||^  kept  or  iiyuduaoualy  treated. 
< -Ali^-toaifMad  &x  strong  cutting  tools,  such  as  chisels, 
Pl4%Mid  drills  for  metal,  acquires  inagoetism  still  more 
'M)Fh)r  iadBC!lioo>  and  acquires  less  of  it  while  in  contact 
*lfcA>#pgnptj  but  it  retuns  it  more  firmly,  and  finally 
'^Utiu  jt  greater  proportion  of  what  it  had  acquired. 

Steel  made  as  bard  as  possible,  is  much  longer  in  aoquir- 
"*£  sU  the  magnetism  which  fflm[de  juxtaposition  can  give 
^  IL  It  acquires  ItM  than  the  former;  but  it  retains  it 
"''Ui  great  Crmnets,  and  finally  retains  a  much  greater  pro> 

Such  ores  of  ifi>»  ts  are  susceptible  of  magnetism,  are 

^^rij,tto  hmd  abed  in  these  respects  ;  that  is,  in  the  time 

^^BBMUj  tat  ibAgrtaUit  impregnation,  and  in  the  duralnli- 

^fraCthoaoq^iqad  magnetism.  They  differ  exceedingly  in  re- 

^^^aoL'to  dto  de^K  rt  power  which  they  can  attain  by  mere 

fc'tiT^ifa^riniyJ  the  varieties  seem  to  depend  on  heteroge- 

m.Wemust  observe,  that  few  ores  of  ironare  sus- 

1  their  natural  state.     The  ordimu'jr 

g  of  the  metal  in  the  state  of  an  oxyd,  and  com- 

h  ulphur,  are  not  magnetizable  while  remaining 

t  Hostin«Brequireroa3ting,andaaortofcemcn- 

VlAin,  in  flootact  mth  inflammable  substances.  This  matter  i 

vnt'vall  undwstood  ;  but  it  would  seem  that  complete  mc- 

trfpTtfiim  ia  &r  from  being  the  most  iiivourablc  condition, 

Md  that  a  certain  degree  of  oxydation,  and  perhaps  some 

flihv  ampoaition,  yet  unknown,  make  tlie  best  loadstones. 

9fi  all  tiuB  is  extremely  obscure.     The  late  Dr.  Gowin 

^■glit  made  s  ccROposition  which  acquired  a  very  strong 

faA  petnuutent  magnetism,  but  the  secret  died  with  him. 

Dr.  Gilbert  speaks  of  similar  compositions,  in  which  ferru- 

fDBOua  eUjri  were  ingredients ;   but  we  know  nothing  of 

At  itate  of  the  metal  in  them,  nor  tlieir  mode  of  acquiring 
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28 1 .  It  is  of  peculiar  importance  to  remark  that  the  ao' 
quisition  of  magnetism  is  gradual  and  progresnve,  udthat 
the  gradation  is  the  more  perceptible  in  proportion  as  the 
steel  is  of  a  harder  temper.     \Vhen  a  magnet  is  brou|^  to 
one  end  of  a  bar  of  common  iron,  its  remote  extremitji  m* 
less  exceedingly  long,  acquires  its  utmost  magnetism  imne-* 
diately.    But  when  the  north  pole  of  a  magnet  is  appSe2 
to  one  end  of  a  bar  of  hard  steel,  the  part  in  contaet  imine* 
diately  becomes  a  south  pole,  and  Che  far  end  is  not  yet  d^ 
fected.    We  observe  a  north  pole  formed  at  some  distanee 
from  the  contact,  and  beyond  diis  a  faint  south  pde  Theie 
gradually  advance  along  the  bar.     The  remote  extRmity 
.becomes  first  a  faint  south  pole,  and  it  is  not  till  after  a  very 
long  while  (if  ever)  that  it  becomes  a  simple,  vigoioiiSy  north 
pole.    More  frequently  it  remuns  a  diffused  and  feeble 
north  pole:  nay,  if  the  bar  be  vary  long,  it  oftm  happens 
that  we  have  a  succession  of  north  and  south  poks,  nUch 
never  make  their  way  to  the  far  end  of  the  bar.     This  phe- 
nomenon was  first  observed  (we  think)  by  Dr.  Brook  Tay- 
lor, who  ^vcs  an  account  of  hb  observations  in  the  FMmo^ 
fhical  Transacttmay  No.  344. 

282.  From  the  account  we  have  given  of  these  phenomeni 
of  induced  magnetism,  it  appears  that  the  temporary  mag- 
netism is  always  so  disposed  that  the  sum  of  the  mutual  at* 
tracdons  of  the  dissimilar  poles  exceeds  the  sum  of  the  re- 
pulsions between  the  similar  poles,  and  that  therefore  the 
two  magnets  tend  to  each  other.  This  is  evidently  equiva- 
lent to  saying,  that  a  piece  of  unmagnetic  iron  is  always  at- 
tracted by  a  magnetic.  No  exception  has  ever  been  observ* 
ed  to  this  fact ;  for  Pliny's  story  of  a  Theamedes,  or  load- 
stone, which  repels  iron,  is  allowed  by  all  to  have  been  a 
fable. 

We  think  ourselves  authorised  to  say  that  this  attraction 
of  the  loadstone  for  iron,  or  this  tendency  of  iron  to  the  load- 
stone, 18  a  secondary  phenomenon,  and  is  the  consequence  of 
the  proper  disposition  of  the  induced  magnetism.  The  proofs 
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mifljpfm  of  the  compound  nature  ci  this 
Mj^  that  it  antes  fiom  the  excess  of  two  attraetkms  abof?e 
^mpkkma^  need  (we  imagine)  no  addition.  But  tb0 
iviai;  ooBfldentions  place  the  matter  beyond  doubt. 
•  The  ao^gnetism  of  the  two  poles  is  evidently  of  an  op- 
tBWttam  the  one  repdling  what  the  other  attracts.  If 
ttEads  iion^  therefore,  the  other  should  repel  it 
pole^  by  inducing  a  magnetism  oppoate  to  its  own, 
hetaspnt  end  of  the  iron,  and  the  same  with  its  own 
haniHila  end^  ancl  its  action  diminishing  irith  an  increase 
iAae%  there  must  always  be  an  excess  of  attraction,  and 
BOB  nnist  be  attracted. 

of  Ae  magnets  A  and  B,  in  dther  of  the  portions 
mHate  IIL  fig.  12.  would  alone  attract  the 
off  eammoA  non  C.  But  when  placed  together,  the 
I  pola  of  A  tends  to  render  the  upper  end  of  C  a  north 
I  wUb  Ae  north  pole  of  B  tends  to  make  it  a  south 
If  tMtiitions  be  nearly  equal,  the  weight  of  C  can* 
bo  aqportsi  by  the  magnetism  induced  fay  any  differ- 
fff  nsilBii  Aat  may  remain.  While  C  is  hanging  by  B 
^  let  A  be  gtfadually  brought  near  t  it  gradually  de« 
■  AeactMi^of  the  north  pole  of  fi,  so  that  C  gradually 
ila  m^pielism  and  polarity^  and  its  weight  prevails. 
Ill  all  those  cases  where  the  induction  of  magnetism  is 
llie  attraction  b  weak  in  proportion.  This  is  particu- 
temaiked  by  Dr.  Gilbert.  If  we  take  pieces  of  common 
and  of  steel  of  different  tempers,  but  all  of  the  same 
ttd  form,  we  shall  find  that  the  iron  is  much  more  strong- 
taaeted  than  any  of  the  rest,  and  that  the  attraction 
idi  of  them  is  weaker  in  proportion  as  they  are  harder, 
dhrenity  is  so  accurately  observed,  that  when  the  piece 
■Dtuchly  susceptible  of  manietism,  we  can  tell,  inth  em- 
Ale  pveci^n,  what  degree  will  be  uhimately  aoqiured, 
MW  much  mH  be  finally  retained.  Also^  the  attrac- 
t  the  magnet  for  any  of  those  pieces  of  steel  increases 
ly  in  proportion  as  their  acquired  magnetism  increases. 
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4.  An  ore  of  iron  incapable  of  acquiring  magnetism  id 
not  attracted  by  a  magnet  But  we  know  that,  by  cemen- 
tation with  charcoal  dust,  they  may  be  rendered  susceptible 
of  magnetism.  In  this  state  they  are  attracted.  It  is  an 
umversal  fact,  that  any  substance  that  is  attracted  by  a  mag- 
net may  be  rendered  magnetical,  and  that  none  else  can. 
We  have  already  observed  that  red  hot  iron  is  not  attract- 
ed ;  nor  does  it  acquire  any  directive  power  while  in  that 
state.  From  all  this  we  must  conclude,  that  the  previous 
induction  of  magnetism  is  the  mean  of  the  observed  attrac- 
tion of  magnets  for  iron,  and  that  this  is  not  a  primary  fact 
in  magnetism. 

These  observations  also  complete  the  proof  that  magne- 
tic attraction  and  repulsion  are  equal  at  the  same  distance^ 
and  follow  the  same  law.  Dr.  Gilbert  seems  to  think,  that 
the  repulsion  is  always  weaker  than  the  attraction ;  and  this 
is  almost  the  only  mistake  in  conception  into  which  that  ex- 
odlent  philosopher  has  fallen.  But  it  only  requires  a  fair 
comparison  of  facts  to  convince  a  good  logician,  that  since« 
in  eony  case^  and  at  every  distance,  eidier  pole  of  a  magnet 
attracts  either  end  of  a  piece  of  common  iron,  it  is  impossible 
that  one  of  these  forces  can  exceed  Uie  otbq;.  It  might  be 
so,  were  it  not  that  induced  magnetism  is  durable  in  proper 
substances.  And  if  we  take  magnets  which  have  been  made 
audi  by  induction,  and  present  them  to  each  other  with  their 
similar  poles  fronting  each  other,  they  never  fail  to  repel 
each  other  at  considerable  distances,  and  even  at  very  small 
distances  for  a  few  moments  ;  artd  this  is  the  case  which 
ever  poles  are  next  each  other.  This  cannot  be  on  any  other 
supposition.  Cases  would  occur  of  polarity  without  attrac- 
tion, or  of  attraction  without  polarity.  Such  have  never  been 
seen,  any  more  than  the  Theamedes,  always  repelling  iron. 

883.  Let  a  great  number  of  small  oblong  pieces  of  iron 
be  lying  very  near  each  other  on  the  surface  of  quicksilver. 
Bring  a  strong  magnet  into  the  midst  of  them.  It  imme* 
diatdy  renders  them  all  magnetical  by  induction.   The  one 
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i  fiotth  pcde  of  the  magnet  immediately  turns  one 
1  it^  ud  the  other  end  away  from  it  The  same 
tlduoed  on  the  one  that  is  just  beyond  this  near- 
Hnu  die  remote  end  of  the  first  becomes  a  nortli 
be  nearest  end  of  the  second  becomes  a  south  pole, 
■g  yrery  near  each  other,  must  mutually  attract 
drng  may  be  said  of  a  third,  a  fourth ;  and  so  on. 
h'qipears,  that  not  only  is  magnetism  induced  on 
ait  alsoi,  that  the  magnetism  of  each  is  so  disposed, 
aids  of%  are  in  a  state  of  attraction  for  the  ends 
'iti  nei^bours ;  and  that  they  will  therefore  ar- 
liilycs  by  coalescence  in  some  particular  manner. 
■real  of  them  chance  to  be  standing  with  their 
k-uagnetic  cunre,  with  their  heads  and  points 
nay  irays  whatever,  the  moment  that  the  magnet 
maamg  them,  and  set  in  the  axis  of  that  nmgne- 
tha  whole  pieces  of  this  row  will  instantly  turn 
Iflh  odwri  and  their  ends  will  adhere  together,  if 
Mr  aoough ;  otherwise  they  will  only  point  to- 
vcheTj  forming  a  set  of  tangents  to  the  magnetic 
dung  from  one  pole  of  the  magnet  to  the  other. 
pdm  k  tast  number  of  small  bits  of  iron,  each 
B  A  grain  of  barley,  a  little  obloog.  Let  them  be 
yrer  the  surface  of  a  table,  so  near  each  other  as 
re  room  to  turn  round.  Let  a  magnet  be  placed 
lil  of  them.  They  will  all  have  magnetism  in* 
iiem  in  an  instant ;  and  such  as  are  not  already 
tbefB,  will  turn  round  (because  they  rest  on  the 
18  point  only),  and  each  will  turn  its  ends  to  the 
neighbours ;  and  thus  tliey  will  arrange  them* 
jrv«s«  which  will  not  differ  greatly  from  true  mag- 
's (because  each  grain  is  very  short),  issuing  from 
f  the  magnet,  and  terminating  in  the  other. 
t  this  suggest  to  the  reflecting  reader  an  ezplana- 
t  curious  arrangement  of  iron  filings  round  a  mag* 
has  so  long  entertained  and  pu2zled  both  the  plu« 
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losophttw  and  the  unlearned^  and  wUdi  hM  gnm  nm  ll 
the  Carteuan  and  other  theories  of  magnetisiii?  The  pnli* 
cles  of  iron  filings  are  little  rags  of  soft  iron  tdm  offbjda 
file,  and  generally  a  little  oblong.     These  nmH  hafe  019* 
netism  induced  ou  them  by  a  magnet,  and,  wUle  fidEig 
through  the  lur  from  the  hand  that  strews  them  abook  ths 
magnet,  they  are  at  perfect  liberty  to  arrange  thcBMdfCi 
magnetically ;  and  muit  iktrtfort  «o  arrangt  tkemtdwo^  fim* 
ing  on  the  table  curves,  which  differ  very  little  indeed  finas 
the  true  magnetic  curves.    Suppose  theA  scattered  iboill 
the  table  before  the  magnet  is  kid  on  it.    If  we  pat  die 
table  a  little,  so  as  to  throw  it  into  tremors,  this  irill  allosr 
the  particles  to  dance,  and  turn  round  on  tfadr  points  of  sup-^ 
port,  till  they  coalesce  by  their  ends  in  the  manner  already 


All  this  is  the  genuine  and  inevitable  conaeqnenee  of  wha.^ 
Dr.  Gilbert  has  taught  us  of  induced  magnetism.  It  jbkusM^ 
be  so ;  and  cannot  be  otherwise.  This  curious  aimngemen^ 
of  iron  filings  round  a  magnet  is  therefore  not  a  primary  fiwK^ 
and  a  foundation  for  a  theory,  but  the  result  of  principled 
much  more  general. 

S84.  Most  of  our  readers  know  that  thb  disposition  tdmtm- 
filings  has  given  rise  to  the  chief  mechamcal  theories  wludu 
have  been  proposed  by  ingenious  men  for  the  explanaticm 
of  all  the  phenomena  of  magnetism.  An  inviuble  fluid  has 
been  supposed  to  circulate  through  the  pores  of  a  magnet, 
running  along  its  axis,  issuing  from  one  pole,  streaming 
round  the  magnet,  and  entering  again  by  the  other  polCi 
This  is  thought  to  be  indicated  by  those  lines  fisrmed  by  the 
filings.  The  stream,  running  also  through  (Aem,  or  around 
them,  arranges  them  in  the  direction  of  its  motion,  just  us 
We  observe  a  stream  of  water  arrange  the  flote  gross  and 
weeds.  It  would  require  a  volume  to  detail  the  different 
manners  in  which  those  mechanicians  attempt  to  account  for 
the  attraction,  repulsion,  and  polarity  of  magnetic  bodies, 
by  the  mechanical  impulsion  of  this  fluid.    Let  it  suffice  to 


I 


MfaMMl  €ferf  itep  of  thnr  dieories  is  in  contradle* 
b  miaumkdg&i  hws  of  imptil«op.  Nay,  the  whole 
iufgiinitdie  fintnileof  all  philoaophioal  diacua- 
alWadnHt  foran  ezplanatiosi  of  phenocneiia  the 
f  Mjr^Buae  wliioh  we  do  not  know  to  exist,  am}  to 
miit  wrjr  phenomenon  We  know  of  no  such 
id  WW  ean  demonstimte,  that  the  genuine  effebts  of 
MlMraald  be  totally  uafike  the  phenomena  of  mag- 
i9w4ie  pcipper  lefiitation  of  these  theories  would 
Wti^-  Lot  it  suffioe  (and  to  erery  logician  it  will 
IjriidBoe)  to  remark,  that  this  phenomenon  is  but 
ig^4M,  depending  on,  and  resulting  from,  princi- 
IMMS  iseneral,  rix.  the  niduclson  of  nu^^n^ism, 
of  dissimilar,  and  repulsion  of  simihr. 


of  the  cuiicms  dispontaon  of  iron 
occurred  to  the  writer  of  this  artide 
|4iilo8ophy,  on  seeing  the  Professor 
beautiful  experiment  in  proof  of  teru 
He  at  that  time  imagined  himself  the 
iad  pmmed  himself  some  credit  for  the  thought 
ingaeim die  FfyMcgia  Nm>a  de  MagneU  by  Dr. 
lie  fend  that  it  had  not  escaped  the  notice  c^  that 
iphibsepher ;  as  will  appear  past  dispute  firom  the 
:  pipsi^,  as  well  as  some  others,  less  pointed  in 
I :  ^  Magnedca  frusta  (that  is,  substances  suscepti- 
fpMtism)  bene  et  oonvenienter  intra  vires  pouta, 
ihamit  Ferramenta,  presente  magneto  (etiamsi 
fr  BOO  nttingant),  ocmcurrunt,  solicite  se  mutno 
i  et  ampiexantur,  et,  conjuncta,  quan  ferttttsinan- 
iba  ftrrea,  vel  in  pulverem  redacta,  fistulis  imposi* 
pais  -snpra  lapidem  meridionaliter  locate,  vel  pro- 
ana  admota,  in  unum  eoalescet  corpus;  et  subito 
se  partes  concrescunt  et  comUnantur ;  femimque 
BcMt  oonjuratorum  turma  et  attrahit ;  ac  si  unum 
t  integrum  esset  ferri  baclUum ;  dirigtturque  supra 
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lapidem  in  septemtriones  et  meridiem.  Set  cum  longius  • 
magnete  removeantur  (tanquam  aoluta  rursus)  separantur, 
et  diffluunt  singula  corpuacula.*    B.  iL  c  23. 

Mr.  iEpinus  also  bad  taken  the  same  yiew  of  the  sub« 
ject.  It  is  also  very  clearly  conceived  and  expressed  by  the 
celebrated  David  6rq;ory,  Savilian  Professor  of  astronomy 
lit  the  University  of  Oxford,  in  a  MS.  volume  of  notes  and 
eommentaries,  written  by  him  in  1693,  on -Newton  s  Princi- 
piOi  and  used  by  Newton  in  improving  the  second  edition. 

The  MS.  is  now  in  the  library  of  the  university  of  Edin- 
burgh. Gregory'^s  words  are  as  follows :  <<  Mihi  semper 
dubium  visum  est  num  magnetica  virtus  mechanice,  u  e. 
per  impulsum,  producatur.  Mirum  est,  effluvia,  quae  fer* 
rum  agitare  valent,  bracteas  aureas  uUerpaaitat  ne  vel  mini* 
mum  a  loco  movere.  Lucretii  et  Cartesii  theoriam,  de  fu- 
gato  intermedio  acre,  refutat  eitperimentum  infra  aquam  in- 
stitutum.  Sulci  in  Umaiura  ferric  magnUi  in  piano  cigusvia 
meriMani  dram^pontOy  nan  fiwnt  ab  efiuviis  aecundum  istos 
€anales  matiSf  sed  ex  inde^  quod  ipsa  ramentaf  nutgnetice  excttO' 
ia,  9€8e  secundum  longitudinem  ei  secundum  polos  disponunt. 
Ex  altera  vero  parte  exinde  quod  vis  magnetica,  interveni- 
cnte  flamma  aut  calore,  interrumpatut;  quod  virga  ferrea,  vel 
diutumo  situ  perpendiculari,  vel  in  eo  situ  frigescendo,  virtu- 
temmagneticam  a  tellure  acquirat ;  utnos  docet  perspicacissi* 
mus  Gilbertus :  quod  mallei  super  incudem  ictu  forti  ad  alte« 
rum  extremum,  virtutem  acquirat  magneticam ;  quod  ictu 
forti  vel  saltern  fortiori  ad  alterum  extremum  poli  permuten* 
tur,  ut  qui  prius  septemtriones  respiciebat  nunc  austrum 
respiciat ;  quod  ictu  forti  ad  medium,  virtutem  illam  pror- 
BUS amittat :  hax  inquam  et  similiay  mechanieum  ejus  qualita- 
tis  ortum  arguunt  Ilugenius,  praeter  gravitatem,  etiam 
magneticam,  et  electricam  virtutem,  aliasque  plures  expcri- 
mento  novit  vires  naturales,  ut  mihi  ip»  narravit  hac  sestate 
anni  1693.  Qualis  ut  hicc  forsitan  quod  cymba  papyracea, 
prope  labra  vasis  aquam,  cui  innatet,  continents,  posita,  lar 
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lirum  vicinissimum  oontinuo,  et  cum  impetu  petaf*^.     JV<if. 
MS.  in  Prop.  28.  ii.  Prin.  Not. 

285.  Not  only  the  mere  arrangement  of  the  filings  in 
curve  lines  follows  of  neccessity  from  the  properties  of  in- 
duced magnetism,  but  all  the  subordinate  circumstances  of 
this  {Aenomenon  are  included  in  the  same  explanation.  Bj 
continuing  to  tap  the  table,  and  throw  it  into  tremors,  the 
filings  are  observed  tp  approach  gradually,  but  very  slowl j, 
to  the  poles  of  the  magnet  Each  particle  is  a  very  small 
temporary  magnet.   The  attractive  power  of  the  great  mag* 

net,  m— j>  —  n  — y,  is  therefore  extremely  small  in  pro- 
portion to  its  directive  power,  m+p  —  n  +q.  And  we 
observe  that  the  accumulation  of  the  filings  round  the  poles 
of  the  magnet  is  so  much  the  slower  as  the  filings  are  finer. 

286.  If  a  paper  be  laid  above  the  magnet,  and  the  filings 
be  sprinkled  on  it,  we  observe  them  to  constipate  along  its 
edges,  while  none  remmn  immediately  above  its  substance ; 
they  are  all  beyond,  or  on  the  outside  of  its  outline,  and 
they  are  observed  not  to  be  lying  flat  on  the  paper,  but 
to  be  standing  obliquely  on  one  point.  They  move  off 
from  the  paper  immediately  above  the  magnet,  because  they 
repel  each  other.  They  stand  obliquely  from  the  edges, 
because  that  is  the  direction  of  a  magnetic  meridian  at  its 
partmg  from  the  pole.  If  the  magnet  be  at  some  distance 
below  the  paper,  then  tapping  the  paper  will  cause  the  filings 
to  move  away  from  the  magnet  laterally.  This  singular 
and  unexpected  appearance  is  owing  to  the  combination  of 
gravity  with  the  magnetic  action.  A  particle,  such  as  ft  « 
(Plate  III.  fig.  12.),  rests  on  the  paper  by  the  point  n,  which 
Is  a  temporary  north  pole  (S  being  supposed  the  south  pde 
of  the  magnet).  The  particle  takes  a  position  n  s  nearer  to 
the  horizon  than  the  position  n  o,  which  it  would  take  if  its^ 

I 

*  Perhaps  il  may  be  proper  to  olxterre,  thai  Dr.  Gregory  exprenet  Im 
differing  io  his  opinion  from  Newton  about  magnetism.  Newton,  in  this  pnqpoai- 
tion  thinks,  that  the  law  of  magnetic  action  approaches  to  the  inverse  triplicate 
ratio  of  the  distances.  Dr,  Gregory  inralidates  the  argument  used  by  New* 
loo.  y 
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otntre  of  gravity  b  were  i^bj^ported.  The  position  is  sucb^ 
that  its  weight  acting  vertically  at  ft,  is  in  equilibrio  with  the 
magnetic  repulsion  •<!,  exerted  between  S  and  s.  When  the 
pqper  is  tapped,  it  is  beaten  down,  or  withdrawn  from  n,  and 
dieparticle  of  iron  is  left  for  a  moment  in  the  air^  It  therefore 
turns  quickly  round  b^  in  order  to  assume  apodition  parallel  to 
SI  0,  and  it  meets  the  paper,  as  that  rises  agun  after  the  stroke, 
in  a  point  farther  removed  ftom  the  magnet,  and  again  de- 
aoends  by  its  weight  (turmng  round  the  newly  supported 
point  n),  till  it  again  takes  a  position  parallel  to  m  «,  but  far« 
ther  off,  OS  represented  by  the  dotted  line.  Thus  it  travels 
gradually  outwards  from  the  magnet,*  appearing  to  be  re- 
pelled, although  it  is  really  attracted  by  it.  If  the  magnet 
be  held  above  the  paper,  at  a  little  distance,  the  filings,  when 
we  repeatedly  pat  the  piqper,  gradually  collect  into  a  heap 
under  it.  Thb  will  appear  very  plainly  to  one  who  consi- 
ders  the  situation  <^  a  particle  in  the  manner  now  explained, 

887.  The  curve  Unes  formed  by  very  fine  fillings  approach 
very  nearly  to  the  finrm  of  the  primary  curve  which  indi- 
cates the  law  of  magnetic  action  in  the  way  already  explain- 
ed. If  the  magnet  be  placed  under  water,  and  if  filings  be 
sprinkled  cojnously  on  the  surface  of  it  from  a  gauze  search, 
held  at  some  distance  above  it,  the  resistance  to  their  mo- 
tion through  the  water  gives  them  time  to  arrange  them- 
selves  magnetically  before  they  reach  the  bottom,  and  the 
lines  become  more  accurate.  But  they  were  so  much  de- 
ranged by  any  method  that  we  could  take  fi^r  removing  the 
water,  and  measuring  them,  that  we  were  disappointed  in 
our  expectations  of  obtaining  a  very  near  approximation  to 
the  law  of  action. 

288.  We  took  notice  of  some  very  Angular  phenomena 
of  a  compass  needle  in  the  neighbourhood  of  two  magnets, 
and  we  observed  that,  in  this  case  also,  the  needle  was  al- 
ways a  tangent  to  a  curve  of  another  kind,  and  which  we 
called  secondary  and  compound  nuignetic  curves.  These  are 
produced  in  the  same  way,  by  strewing  iron  filings  round 


«1 

[nets.  Many  representations  Imvc  been  given  of 
irves  bj  different  authors,  partlculary  by  Muscben- 
ikis  Easais  rfe  Phtf»iqt«;  and  by  Fuss  in  llie  Cmt^ 
inptJit.  Great  use  has  been  made  of  tliese  ar- 
attof  filings  by  two  magnt^^tsintbetheorieaofmag- 
In^nsecl  by  those  who  insist  on  explaining  all  mo- 
i^RiIse.  When  the  dissimilar  poles  of  two  mag- 
idB  (Plate  III.  fig.  13.)  face  each  oihcr,  the  curves 
1^  die  filings  con^derably  resemble  those  which 
jk*  angle  magnet,  and  give  the  whole  somewhat  of 
HBUce  of  a  magnet  with  very  diffused  pok-s.  The 
f  fluid,  which  streams  from  one  pole  of  a  magnet* 
Md  to  meet  witli  no  obstruction  to  its  entry  into  the 
!>  pole  of  the  otlier  magnet,  but,  on  the  contrary, 
jnDed  into  it ;  and  therefore  (say  the  propofiefs)  it 
»  round  both  as  one  magnet,  and  by  its  vortox 
IfB  magnets  together  ;  which  phenomenon  we  call 
tfUxm  of  the  magnets.  But  when  tbe  sitnilar  poles 
til  other;  for  example,  tiie  poles  from  which  tbe 
jj^ftiid  issues,  then  the  two  streams  meet,  obstruct 
ImT}  sociunulate,  and,  by  this  accumulation,  cause 
Btt6  to  recede  from  each  otlier ;  which  we  call  the 
t  f>f  tbe  magnets.  This  is  the  only  explanation  of 
i  that  can  make  any  pretensions  to  probability,  or 
bat  can  be  conceived.  For  how  the  free  circula- 
^  former  case  can  bring  the  two  magnets  together, 
■  can  form  to  himself  any  conception.  We  see  no- 
»  this  produced  by  any  vortex  that  we  are  ac- 
l  with.  All  !!ucb  vortices  cause  bodies  to  separate. 
I  tbis  explanation  of  magnetic  repulsion  is  inadmis- 
It  will  not  apply  to  the  repulsion  of  the  receiving 
nd  the  phenomena  of  tlie  filings  are  inconsistent 
JBotion  of  accumulation.  Tbe  filings  indeed  occu- 
ind  ibey  look  not  unlike  two  streams  which  oppose 
ir,  and  deflect  to  the  sides  (see  Plate  III.  fig.  14.) 
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But,  unfortunately,  by  tapping  the  paper  gently,  the  filings 
do  not  move  off  from  the  magnets,  but  approach  them  much 
faster  than  in  any  other  experiment*  The  phenomenon  re- 
ceives a  complete  and  palpable  explanation  from  the  princi- 
{des  we  have  established.  Both  magnets  concur  in  giving 
the  same  polarity  to  every  particle  of  the  filings.  Thus,  if 
the  fronting  poles  are  north  poles,  each  particle  has  its  near- 
est end  made  a  vigorous  south  pole,  and  its  remote  end  a 
north  pole ;  and  it  is  therefore  strongly  attracted  towards 
both  magnets,  while  it  is  arranged  in  the  tangent  to  the  se- 
ccmdary  curve  of  that  class,  which  crosses  the  others  nearly 
at  right  angles. 

889.  Since  it  is  found,  that  the  magnetism,  even  of  natu- 
ral loadstones  and  hard  steel,  and  still  more  those  of  soft- 
er tempered  steel,  are  continually  tending  to  decay ;  and 
since  we  find  that  it  may  be  induced  by  mere  approach  to  a 
magnet ;  and  since  we  know  that  magnets  may  oppose  each 
other  in  producing  it— it  is  reasonable  to  suppose,  that  when 
a  piece  of  iron  has  acquired  a  slight,  though  permanent 
magnetism,  by  the  vicinity  of  a  magnet,  a  magnet  appUed 
in  the  opposite  direction  will  destroy  it,  and  afterwards  pron 
duce  the  opposite  magnetism. 

Accordingly,  we  may  change  the  pedes  of  soil  magnets  ai; 
pleasure. 

Farther ;  since  we  find  that  loadstones  and  hard  temper- 
ed steel  bars  are  distinguished  from  soft  ones  only  by  the 
degree  of  obstinacy  with  which  they  retain  their  present 
condition,  we  should  also  expect  that  hard  magnets  will  even 
affect  each  other.  It  must  therefore  happen,  that  a  power- 
ful  magnet  applied  to  a  weak  one,  so  that  their  similar  poles 
are  in  contact,  shall  weaken,  destroy,  and  even  change  the 
magnetism  of  the  weaker.  Dr.  Knight'^s  famous  magazine 
of  magnets  enabled  him  to  change  the  poles  of  the  greatest 
and  the  strongest  natural  loadstone,  or  artificial  magnet^^ 
that  could  be  given  him,  in  the  space  of  one  minute. 


^  We  now  see  clearlj  the  reason  why  magnetic  repul- 
tm  a  weaker  than  attractioD  at  the  nme  (iistance.  Whea 
Btgnets  are  placed  with  their  nmilar  poles  friHiting  eadi 
tlher,  in  order  lo  make  trials  of  tbor  repalmoD,  they  really 
do  naken  each  other,  and  are  not  in  the  aame  magnetical 
andiOon  aai^efore.  For  similar  reasom,  we  tee  how  expeti- 
inmts  with  magiwtB  attracting  each  other  rather  iinptove 
tli«n,uKl  make  their  attractirepowersbppear  greater  than 
the;  tK.  All  these  effects  must  be  moat  remorkaUe  ia  soft 
■MgiKts,  tqiecially  when  long. 

ist.  We  also  see,  that  the  observed  law  of  Bttraction 
"id  repulsion  between  two  magnets  tnust  be  Afferent  from 
tlw  real  law  of  magnetic  aetioiL  For,  in  the  experiments 
'"ade  on  attraction  at  different  disfances,  bepmiing  with  the 
S'Mtest  distance,  the  magnetism  is  continually  increasing, 
■id  the  nttrsction  will  appear  to  incrase  In  a  higher  rate 
than  die  just  one :  the  contrary  ittay  happen,  if  we  be^n 
^th  tho  smaller  distances.  The  results  of  expenments  on 
'pulsion  must  be  still  more  erroneous;  because  it  is  eaner 
'^  diminish  any  accumulation  which  required  an  exertion  (o 
t**odaoe  it,  than  to  push  it  still  farther, 

893.  We  have  now  a  complete  explanation  of  the  tnnarit- 
/^*3le  fact,  that  the  induction  of  magnetism  does  not  weaken 
,?*w  magnet  employed  ;  but,  on  the  contrary,  improves  it 
^^e  magnetism  induced  on  the  iron  causes  it  to  act  on  the 
Magnet  employed  in  the  very  same  manner  that  a  permanent 
Vnagnetof  the  same  shape,  size,  and  strength,  would  da  Nay, 
'  «l  will  have  even  a  greater  efiect;  for  as  it  improves  the 
l^pMi^  JU  mm  mdueed  magnetism  will  improve ;  and  will 
iImAm  sI31  ftltlier  improve  the  magnet. 

Mft-Bnoe  it  ii^  that,  in  whatever  manner  a  magnet 
IpNbM  M^itm  of  .iron,  it  improves  by  it  It  may  be  hurt 
l)Nklki(^at  in  an  impraper  position;  but  it  always  puts 
criMIM  imi  Bto  a  state  whidi  increases  its  own  magnet- 
faa>  Tbb  baa  been  known  as  long  as  magnetism  itself; 


ai]i4  the  ancients  oopccived  the  nodoD,  that  tlic  magnet  sgrne- 
how  fed  upon  the  iron*.. 

We  think  that  these  obseryations  authorise  us  to  say,  that 
in  reducing  a  loadstone  into  ^  convenient  shape,  as  ipuch  as 
pos^illle  of  the  pperatioii  should  be  performed  by  grinding 
th^  with  emery,  in  cavities  made  in  large  l^|pcks  of  h^v^ 
merpd  iron.  The  magnetism  induee4  on  the  ^ipn  inust  be 
fiiyourable  to  the  conserviuioii  of  that  in  the  loadstone ; 
which,  we  are  persiiaded,  is  rapid}y  disapated  by  the  trc* 
mors  into  which  this  veiy  elastic  substance  is  throwii  by  the 
grinding  w^th  coar«e  powders  in  any  mould  but  iron.  We 
fip^gine,  that  the  cutting  oiF  slices  by  the  lapidaries  wheel 
has  the  same  bad  effect 

9M.  Not  only  will  a  magnet  hit  a  gppater  lump  of  iron 
by  its  north  pole,  whep  ^notheir  lump  is  allied  to  its  sovth 
pde,  but  it  will  lift  a  greater  piece  of  i|r(vi  from  an  anvil 
than  from  a  wooden  tabk :  for  the  pi9g|iet  induces  the  fisOf 
perly  disposed  polarity,  not  only  in  the  iron  which  it  lifts, 
but  also  in  the  anvil,  or  any  piepe  of  iron  immediately  be? 
yond  it.  Thi^  is  so  disposed  as  to  increase  the  magnetism 
of  the  piece  of  iron  between  them ;  and  tberdbee  to  i^ceease 
their  attraction.  The  magnetism  indifc^  on  the  ig|vil  is 
also  in  part,  and  perhaps  chiefly,  induced  by  the  iptjsrvening 
iron.  These  experiments  are  extreinely  variable  in  their  re- 
sult8.--Sometimes  a  small  magnet  ijejll  pull  an  iron  wirfi  frqm 
a  large  and  sprong  one.    Sometimes  this  will  be  done  even 


*  So  CUudian.*——**  Nam  ferro  notrit  TiUm,  feniqiie  rigors 

Vescitur :  hoc  dutces  epaUs,  hoc  pi^buU  novit : 
Hinc  proprias  renovat  virei :  hinc  fusa  per  artus 
Aspire  lecretum  servant  alimenta  vigorem  : 
Hoc  abseote  perit»  tristi  roorientia  torpent 
Membra  fane,  venasquc  sitis  consmait  apertas.'* 
Pliny  says,  **  Sola  hco  materia  (ferrum)  virei  ab  eo  lapida  accjpit  retinctque 
loiigo  tempore,  aliiid  apprehendens  fecrum,  ut  aonuloruia  catena  spectctur 
intcrdvDf  quod  inperitnm  rulgiis  fermm  appellat  Tinim. 
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T     bf  I  |nM»  of  unmagnetic  iron ;  and  tlie  results  appear  quite 

J     cspndiws.  But  they  arc  accurately  fixed,  depending  ca  the 

9     todnwd  compound  magiietisDi.     Mr.  j^pinui  has  stated 

■     tome  of  the  more  simple  cases,  in  whicii  we  can  tell  which 

w     tagnet  shall  prevail.  But  the  unfoldingcven  of  these  ca^eti 

*ouId  take  a  great  deal  of  room,  sod  must  be  omitt«d 

hm.    Beaides,  we  ar«  too  imperfectly  acquainted  with  the 

d^reeof  magnetism  induced  on  the  various  parts  of  an  iron 

tod,  and  the  degree  of  magnetism  inberent  in  the  varioui 

ports  of  the  magnets,  to  be  able  to  say,  with  certainty,  even 

in  (hose  simjrie  cases,  on  whicli  side  the  superiority  of  at- 

Iractioii  will  remain. 

995.   We  may  now  proceed  to  detluce  from  this  theory' 
(fbt  so  it  may  ju!tly  be  called,  since  all  is  reduced  to  one  fact) 

►  ttie  procegs  for  communicating  magnetism  to  bodies  fitted 
Kht  receiving  and  retaining  it;  that  is,  themtthod  of  making 
■rttfidal  magnets-  We  acknowledge,  that  we  do  not  know 
the  internal  process  by  whicli  magnetism  is  induced,  nor  even 
in  what  this  magnetism  consists.  All  that  we  know  is,  that  the 
brii^og  the  pole  r^a  magnet  near  to  any  magnetisable  mst- 

I  In*,  produces  R  magnetif^m  of  the  kind  opposite  to  that  of  the 
pole  employed.  We  know  that  this  is  the  case  with  both 
.loles,  And  thai  it  obtains  at  all  the  distances  where  magnet- 
Bi  is  observed.  We  know  that  the  action  of  one  poJe  is 
tnalrary  to  that  of  the  other;  that  is,  it  counteracts  the  other, 
pvrents  it  from  producing  its  effect,  and  destroys  it  when 
linnAy  produced:  and  we  know,  that  the  production  of 
these  ^ects  resembles  in  its  result  the  protrusion  of  some- 
thing fluid  through  the  pores  of  the  body,  constipating  it  in 
ill  tcmote  parts :  as  if  the  virtue  of  a  pole  resided  in  this 
novesMe  matter.  This  is  nearly  all  that  we  know  of  it; 
nd  by  these  facts  and  notions  we  must  judge  of  the  pre- 
Jitiety  and  effect  of  all  the  processes  for  magnetiung  bodiea. 
The  most  simple  method  of  magnetising  a  steel  bar,  is  to 
Bpply  the  north  pole  of  a  magnet  to  that  end  which  we  wish 
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to  render  a  south  pole.  Attention  to  the  effects  of  tliii^  ap- 
plication is  very  instructive.  Have  in  readine&s  a  very  small 
oompass  needle,  turning  on  its  pivot  It  should  not  exceed 
half  an  inch  in  length,  and  should  be  as  hard  tempered  as 
possible,  and  strongly  impregnated.  Immediately  after  the 
qiplication  of  the  magnet,  carry  the  needle  along  the  side 
of  the  bar.  If  the  bar  be  long,  and  very  hard,  we  shall  ob- 
serve a  south  polarity  at  the  place  of  contact ;  a  north  pola- 
rity at  a  small  distance  from  it ;  .beyond  this  a  weak  south 
polarity ;  then  a  weak  and  diffused  north  polarity,  &c. ;  to- 
wan^the  remote  end  the  pohuity  will  be  found  very  uncer- 
tain. The  same  thing  may  be  discovered  by  laying  a  stifi* 
Tpvp&r  on  the  bar,  and  qnrinkling  iron  filings  over  it,  and  then 
gently  tapfung  the  paper,  to  make  them  arrange  themselves 
in  curve  lines ;  which  will  p^nnt  out  the  various  poles,  and 
shew  whether  they  are  diffiised  or  copstipated.  It  is  very 
amusing  and  instructive  to  observe  tfa^  progress  o£  this  im- 
pregnation. In  a  few  minutes  after  the  first  application  of 
-the  magnet,  we  shall  perceive  the  state  of  magnetism  very 
sensibly  changed.  The  nortli  pole  will  be  fiirther  from  the 
magnet,  and  will  be  more  distinct ;  the  southern  polarity 
will  also  be  protruded,  and  may  appear  for  a  moment  at  the 
remote  extremity.  The  change  advances ;  but  the  progress 
is  more  slow,  and  at  last  b  insensible.  When  the  bar  is  not 
harder  than  the  temper  of  a  cutting  tool,  the  process  is  soon 
over;  and  if  the  bar  is  but  six  or  eight  inches  long,  the  re- 
mote end  shews  the  north  polarity  in  a  very  few  minutes. 
When  the  bar  is  very  hard,  the  progress  of  impregnation 
is  greatly  expedited  by  striking  it  so  as  to  make  it  sound. 
.If  it  be  suspended  by  a  string  in  a  vertical  position,  and  the 
magnet  applied  to  its  lower  end,  the  striking  it  with  a  key 
will  make  it  ring ;  and  in  this  way  make  the  progress  of 
magnetization  very  quick :  but  it  does  not  allow  it  to  acquire 
all  the  magnetism  that  can  be  given  it  by  a  very  strong  mag- 
.net 
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talttb  18  a  bid  mijr  of  impregnation.  It  is  tddom  that 
Mi  nagnetinD,  with  onlj  two  poles,  and  thoae  of  equal 
ifffk  tttn  be  pfmt  Eren  when  there  are  but  two^ 
bidb'pale  b  gaeraDjr  diffused,  and  therefore  feeble. 
SMh  binm  m  il  by  employing  two  magnets,  oneat  eadi 
'''Aaii  if  the  bar  is  not  more  than  six  or  eight  indies 
^i-iidr^good  magnets  are  employed,  the  magnetism  is 
ijsiilfligiilai.  This,  accordingly,  is  practised  for  the 
llrffei(||ii«f  dtppng  needles,  which  must  not  be  touch- 
■rJUmiiib  tiw  centre  of  gravi^  of  the  needle.  But 
V^taHj/itbbr  mediod  is  tedious,^  and  does  not  ^ve  strong 

ithtBdkA^mkSA  was  usually  practised  before  we  bad 
M  ia  ihalty  dear  knowledge  of  magnetism,  was  to  ap» 
lafrmi^rfani^net  to  one  end  of  the  bar,  and  pass  it 
[^IhawlliBfecDd,  pressing  moderatdy.  This  wasre- 
)A'>fttii  JUaas  on  both  sides  of  the  bar,  always  b^n- 

same  end  as  at  first,  and,  in  bringing 
that  end,  keeping  it  at  a  distance  from 
fUffi  'MbaAct  of  this  operation  was  to  leave  the  end 
ittliw  fcgan  the .  stroke  possessed  of  the  polari^of 
dP'attiHajed. 

pimiml  notion  of  the  process  may  be  given  as  follows, 
li^  laiwever,  that  there  occur  very  many  great  and 
iaab  anomalies.  When  the  north  pole  N  (Plate  IV. 
^  «#  the  magnet  A  is  set  on  the  end  C  of  the  bar 
^a  aouth  pole  is  produced  at  C,  and  a  north  pole  at  D, 
^ihs  length  of  the  bar  is  moderate.  As  the  magnet 
slowly  along  the-  bar,  the  southern  polarity  at  C 
then  diminishes,  and  vanishes  entirely  when 
faimed  at  a  certun  point  a ;  after  which,  a  northern 
^  appears  at  C,  and  increases  during  the  whole  pro- 
taftbe  magnet  In  the  mean  time,  the  northern  po- 
ftnst  produced  at  D  increases  till  the  mi^et  reaches 
liki  point  f,  then  diminishes,  vanishes  when  the  mag- 

S 
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net  reaches  a  certain  point/;  after  which,  a  soutbem  po* 
lariff  appears  at  D,  which  increases  til  the  magnet  reaches 
D.  Mr.  Brugnumn,  who  first  attended  minutely  to  these 
particulars  (for  Gilbeit  qieaks  of  tbem  pointedly),  calls  a 
andfpamis  ofiMjfmnct^  and  e  the  oikmmAwg  pnnt  of  the 
pole  D,  and  b  the  culminating  point  of  the  pole  C.  Hard- 
ly csan  any  general  rule  be  given  for  the  mtoation  <^  these 
points,  nor  e?en  for  the  order  in  which  thty  stand ;  so  great 
and  capricious  are  the  anomalies  in  an  amazing  series  of 
esq^ments  narrated  by  Brugmana  aad  by  Van  Swinden. 
Sepeating  the  operation,  and  beginniiig  at  C,  the  ncwthem 
polarity  there  is  weakened  (sometimes  destroyed),  then  re- 
fi^bored,and  oontimially  incfeased  during  therest  of  the  stroke. 
The  sDutheni  poiaiity  at  D  is  also  first  weakened,  and  some- 
times destroyed  3  then  restored,  and  finally  augmented.  The 
P^™^  h  ^f  ^9/9  change  their  situations,  and  fiequently  their 
Older. 

Van  Swinden  has  attempted  to  ouduee  some  general  laws 
fVom'  his  fnmense  Kst  of  experiments,  airoiding  every  eon* 
8ideratieii  of  a  hypothesis,  or  the  least  oonjectofe  by  what 
means  these  ihcukies  are  excited.  But  though  we  have  pe- 
rused his  investigation  with  care  and  candour,  we  must  ac- 
knowledge, that  we  have  not  derived  any  knowledge  which 
can  help  us  to  predict  the  result  of  particular  modes  of  treat- 
ment with  any  greater  precision  than  is  suggested  by  a  sort 
of  (iommon  sense,  aided  (or  perhaps  perverted)  by  a  vague 
nbdon,  that  these  energies  reside  in  something,  which  avoids 
d^e  pole  of  the  same  name,  carrying  along  with  it  this  dis- 
tinctive energy  or  polarity.  This  conception  tallies  per- 
fectly with  these  observations  of  Brugmann  and  Van  Swin- 
den ;  and  admits  of  all  the  anomalies  in  the  situation  of 
Brugmann^s  indifferent  and  culminating  points,  if  we  only 
suppose  that  this  motion  is  obstructed  by  the  particles  of 
the  body.  We  must  leave  this  to  the  refla^n  of  the  reader, 
who  will  guess  how,  when  the  magnet  is  between  C  and  t. 
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JcfokBi^  the  pole  N  of  the  td^et,  eacHp^s 
MmlH^mHil  gaeh  tdward  the  finther  end.  Ad  the  ms^i 
it  drives  flome  of  this  bock  again,  &c.  &c.  This 
bnf  it  iids  the  fancy,  wUdi,  Withbift  some 
«#tl£i  kiM»  UK  no  object  ofitorfdy  obntetiipltf. 
» *1ite  fiM%  M  fflMi^,  wheii  we  speaik  of  fhe  ^^en^ 
#%ii^«#«  «r  i^,  afttaky  of  some  Idnd,  by  flid  et^ftidti 
JrfliiiiMl'ifciliillJ  JfrN:    The  conc4!fkiG«  is  too  aiwtAKtdd, 

We  mxM  coxttiM,  ottraetvei  iHth 

N  jMidudet  a  sooth  pole  imttiedfiately  olidtir 

pole  erory  where  else,  or  endeavours  t6  d6  iMi 

M  inlist  l6ttgtt  on  -tnid  nletbod ;  Codnnon 

kib  be  »  n^  injudicioMs  tnt. 

gtem^  hn{irtived  by  b^piiuUig  thenic* 
Apiply  fli6  torth  pole  ttt  Ate  centre  or 
4iHlsfc  Hfld  draw  it  ov^r  the  end  mtendcd  fU- 
iftiL  •  'ArHi^  Artie  this  several  thhes  to  one  end 
Ae  magnet,  apfdying  its  south  pole  to 
^,  add  drawingit  sevarat&iies  over  thi 
fhe  Bonb  pole* 
iftifiroved  by  employing  twd  itaagtfiefs  it 
iH#<|iMMfAaiil  Plate  IV.  fig.  3.  on  tb6  middle  B  of'  the 
W$i  WMi  ilii  iiiij^'  Aiem  away  from  each  other,  over  the  enlds 
|M4  Mk^ AMft  My  die  directing  darts,  and  repetfthig  this 
MteMft'  If  is  filaht  that,  as  far  as-  we  ttfklerstand  atry 
4lj|[f  ^TtflU^MriMer,  th»  proecss  must  be  ihcrch  prefehibr^ 
ikikkiUt  tt  litt  btwet  two;  The  magnets  A  and  £ce^rtaj^^ 
JfMmit  iA  firdid&tig  a  properly  disp6sed  magnedstti  6tl 
JiliifMMf  liltt#Mi  theiit ;  and  therefore  on  the^  #hole  Utf 
MJ^MMoTckkbrtitoke:  The  end  C  must  becoAte  a  ikirA, 
tUf^itmaMi  |)dfe.-  9611,  however,  a^  the  sfi^ke  gMldd 
iMlVfMflft  of iAdilHteAtie,  e^b  nmgnet  tends  to  weakcstt  thef 
|Afllj^l$rfte  t»rts' situated  beyo^^ 
<!Wyi£MtPUd  oMtisfMa  t6  be  prM&sed  tiB  about  the  y^' 
ItM    Mr*  Cantoi,  x^uBog  hidtstSt  ct  the  etp^^iMeAte'  of 


Mr.  Mitchell  of  Cambridge,  published  hb  method  bj  tte 
DOUBLE  TOUCH,  SB  it  IS  odled.  See  MmiMy  Remtmkr 
1785. 

896.  We  need  not  repeat  the  defects  of  this  method,  wUdi 
are  found  in  every  treatise  on  magnetism;  we  shall onljBiki 
some  observations  on  the  peculiar  advantages  of  the  pnoi^ 
as  prescribed  by  Mitchell,  Canton,  and  improved  bj  Mr. 
Antbeaume,  in  his  memoir  sur  Us  Ainumt  arf  j/Gcub  UH^ 
which  was  crowned  by  the  Academy  of  Sciences.  (Seeab 
dissertations  oo  the  subject  by  Ia  Mairt  and  Du  Umd^ 
1745.) 

There  is  an  evident  propriety  in  the  arrangement  inval- 
ed  by  Mr.  Mitchell,  represented  in  Plate  IV.  %:  4    Ths 
magnetism  induced  on  the  two  pieces  of  soft  irao  AD  and 
BC  is  an  excellent  method  for  tecuring  every  •aooenon  of 
magnetism  to  either  of  the  bars.    A  good  deal  degiads  on 
the  proper  uze  and  length  of  these  pieces ;  and  oni  ignor- 
ance of  the  interior  process  obliges  us  to  have  reooum  lo  efr 
periment  alone  for  ascertaining  this.    Whatever  ciiciiis- 
stances  induce  the  strongest  magnetism  on  thoae  pieoes  of 
iron,  will  cause  them  to  produce  the  greatest  effect  oq  the 
steel  bars ;  and  this  will  be  indicated  by  a  greater  attno- 
tion.     Therefore  that  distance  will  be  tlie  best  which  ca* 
ables  two  bars  AB  and  PC  to  lift  the  greatest  .weight  hung 
on  the  juece  AD  or  BC.  When  we  impregnated  bars  whose 
breadth  was  about  one-tenth  of  their  length,  and  their  tUck- 
ness  about  one-half  of  their  breadth,  we  found,  that  if  AD 
was  about  one  fourth,  or  nearly  one  third,  of  AB,  they  car« 
ried  more  than  if  it  was  cither  much  longer  or  much  short- 
er.   Mr.  Antheaume's  additiop  of  the  two  great  ban  of  iron 
E  and  F  makes  a  sensible  improvement  of  the  begintta^  a£ 
the  impregnation,  when  very  weak  magnets  are  emplo^; 
but  did  not  seem  to  us  to  be  of  any  farther  service  on  the 
table.    This  is  agreeable  to  any  theory  which  can  be  estate 
Ushed  by  what  w^  have  si^d  hitherto. 


oetliod  of  employing  ihe  magnets  A  and  E  (Plate 
}.),  prescribed  by  Mitcliell  and  Cantun,  is  extreme- 
>us.  Tl)e  meeting  of  ihc  disininilar  poles  at  top  in  ■ 
lie  magBetism  of  each.  The  two  disumilar  poles  F 
ertainly  tend  to  give  a  regular  and  proper  niagnet- 
le  part  FG  of  tliu  bar  which  lies  between  them ; 
is  the  case  on  whatever  part  of  the  bar  they  arc 
But  each  pole  tends  to  destroy  the  present  tnagnct- 
hat  Iie«  between  it  and  the  pole  of  the  bar  on  that 
iut  loark— -they  tend  to  produce  the  desired  mag- 

0  what  UcB  between  them  with  the  sum  of  their 
'ilile  each  tends  to  destroy  the  magnetism  of  the  part 
t  by  the  difference  only  of  their  forces.  Therefore, 
h(^,  as  they  are  moved  to  and  fro  along  the  bar, 
foremost  one  even  made  to  pass  over  the  end  of  it  a. 
y,  they  always  add  to  the  magnetism  already  ac- 

This  cwiuderation  seems  to  enjoin  setting  F  and 
mely  near  each  other ;  for  this  seems  to  increase  the 
d  lo  dicoiaish  the  diiFcrcnce  of  thejr  action.  But  it 
t  qaestioni  Whether  we  gain  more  by  strongly  mag- 
a  very  small  part  during  the  very  bhort  while  that 
nets  pass  over  it,  or  by  acting  on  more  of  Ihe  bar  at 
i  continuing  a  weaker  action  for  a  longer  while  on 
er  portion.  Mr.  j^pinus  adds  another  cunsidera- 
lending  on  his  notion  of  the  internal  process ;  but 

this  to  another  opportunity.     The  safest  direction 

1  be,  to  place  them  at  tlie  distance  whicii  enables 
liA  the  greatest  weight.  They  arc  then  undoubl- 
ng  with  the  greatest  effect. 

knibeaunie  directs  to  place  the  touching  magnets  a^ 
■  IV.  tig.  6.)  for  a  reason  to  be  mentioned  after- 
Mr.  .jiEpinus  also  recommends  it  for  reasons  founded 
vn  hypothesis.  We  must  say,  that,  in  our  trials,  wo 
ndlhis  method  verysensiblysuperior.espcciallyin  the 
rts  oithe  operation,  when  the  resistance  to  farther  ira- 
30  becomes  pearly  a  balance  for  the  accumulating 
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poir^r  of  the  magnets ;  and  we  consider  this  as  noiiiconsi- 
denUe  argument  for  the  justice  of  Mr.  ^pinus^s  hypothesis. 

The  great  advantage  of  this  method  is  the  regularity  of 
the  magnetism  which  it  produces.  We  ne?er  find  more 
than  two  poles ;  and  when  the  bars  are  hard,  and  of  uni- 
fonn  texture,  tfie  pdai^y  is  Tery  fittle  diffused,  and  seem- 
vof^y  confined  to  a  very  sOudl  fspnte  at  the  veiy  extremities 
of  the  bar.  Thia  lA  indeedl  a  prodigious  adrantiige  in  point 
of  strength.  It  is  no  Jeto  so  in  orddf  to  fit  the  magnets  for 
asperiments  on  the  la^df  magiletitf  action^  for  the  latitude 
whkh  the  difltaied  oonditiM  (if  the  |toles  gives  in  the  setec- 
tioii  of  the  pointa  from  wbidh  tke  distances  hte  ia  be  com- 
puted, has  hitherto  hsndeMd  tia  fitMt  pfonootiriii^  on  the 
low  of  magBttic  aotioil  with  the  ptedsabn  of  which  we  thihk 
it  fully  suseefitiUew  This  method  fliiso  is  the  only  one  by 
which  we  harra  been  ri)le  to  mptegMat  two  bars  joined  end 
la  etfd,  considering  thMb  HA  oAef  bar.  We  have  sometimes 
(though  very  rarely )  succeeded  in  tliitf ;  so  Ailt  hiIImM  filings 
were  strewed  over  them^  th6  appeaMiioe  oould  not  be  dis- 
tinguished from  a  single  bar.«— ^.  B.  Yet  even  itf  this  case, 
in  one  experiment  wiUi  two  bars  of  six  inches  long,  treated 
as  one,  when  it  could  not  be  distinguished,  either  by  the 
appearance  of  the  fflings^  or  by  giring  round  it  very  near 
with  a  compass  needle,  a  veiy  smaK  eompaas  needle  disco- 
vered a  neutval  paiafl^  and  a  reversidil  of  polarity  flSaoilar  to 
Phrte  III.  fig  14c  at  F,  shewing  that  it  was  really  acting  as 
two  bars*  Perfaiqps  it  must  always  be  so ;  and  this  question 
is  of  considerable  importance  in  the  establishment  of  any 
theory  of  the  internal  process. 

It  deserves  remark,  thaCy  in  order  to  succeed  in  this  at- 
tempt, a  very  considerable  pressure  is  necessary.  We  were 
obfiged  to  clean  the  ends  of  the  bars  v&y  carefully,  and  to 
force  the  frame  of  bars  and  soft  pieces  of  itotk  strongly  to- 
gether by  wedges,  in  the  manner  of  a  form  of  types.  We 
thought  that  wetting  the  ends  of  the  bars  with  pure  water 
aided  the  cxperimeat;  and  we  are  very  cerkm%  tfiat  oil  not 


i^y  gmtly  obstructed  it,  but  even  sensibly  impeded  tin 
ipnnnoia  process.  We  had  put  a  single  drup  of  uij  on  a 
pit  of  bar*  wliich  we  were  louehiiig  in  the  ctminion  Can- 
Lnun  tnetbod,  that  the  magnets  might  be  moro  easily  drawn 
ioBg  them ;  but  we  were  surprised  at  finding  that  we  could 
Mt  ^Te  a  strong  imjnt^nation.  Tlie  oil  undoubtedly  pre- 
■snts  the  close  contact.  We  ibund  the  finest  gold  fcat'pro- 
dnce  the  same  effect  in  a  great  <l^ree ;  a»  also  talc,  of 
which  B  square  inch  wnghed  ^th  ot'  a  grain.  We  do  not 
infer  any  thing  like  obstruction  to  thi^  passage  of  Mtnething 
MHterial,  but  rather  ascribe  it  to  mere  distance ;  although 
■«  are  of  opinion,  that  in  tlie  impregnation  of  two  coiTti' 
gpoos  bars,  so  that  the  magnetism  (whatever  it  is)  is  dispo£> 
td  prtdxly  M  in  one  bar,  there  is  a  material  tran-ifereiic^. 
Bat  we  »h&U  *ipeak  of  this  m  its  due  place. 
^  It  is  not  unworthy  of  remark,  that  we  found  bars  to  ar- 
qui>e  more  powerful  magnetism  when  pretty  well  polished 
than  whao  tvaglL  But  we  also  tbund,  that  bars  consider- 
ably rough  acquired  the  tirst  degrees  of  it  much  more  ex- 
peditiously than  those  which  are  smooth :  ahhoagh  we 
sever  could  bring  them  to  that  high  degree  of  magnetism 
ihaC  theaame  bars  acijuired  after  tliey  had  been  jxtlished. 
We  think  it  probablL%  that  the  tremors,  occasioned  by  die 
IDugh  and  harsh  surfaces  of  the  hard  steel,  arc  the  causes 
fff  (his  phenomenon. 

Some  more  observations  on  this  molhoil  of  the  double 
toudi  will  be  made  afterwards,  when  we  consider  the  by- 
fotheng  of  Mr.  JUpinus :  and  wo  conclude  the  present  sub- 
ject, by  attempting  to  explain  some  puzzling  appearancc!< 
iriMch  frequently  occur  in  making  artiticial  magnets. 
,  897.  A  bar  touched  by  a  very  strong  magnet  has  been  said 
,  ^Muschenbroek  to  be  impaired  bygmng  over  it  with  a  weak- 
,  vmagnet.  If  it  had  been  made  as  strong  as  possible,  the 
weaker  magnet  when  pasted  over  it  in  the  way  practised  by 
Muicbenbroek,  must  first  destroy  part  of  this  magnetism  : 
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and  having  done  so,  it  is  unable  to  niae  it  anew tothc  ma 
degree  of  vigour. 

Yet  (says  Muschpnbroek  with  surprise)  a  laige  bir  of 
commoo  iron  has  greatly  improved  the  magnet  A  vojf 
large  piece  of  iron  must  do  this  (especially  if  shaped  like  • 
horse  shoe,  and  applied  with  both  heels),  if  the  bar  be  aottU 
ready  at  its  maximum. 

It  was  thought  wonderful,  that  in  the  method  of  doable 
touch,  not  only  was  the  magnetism  of  the  magnets  cmpbf- 
ed  not  impured,  but,  beginning  with  two  magnets,  whoe 
power  is  almost  insensible,  and  repeating  the  openlioin  in 
the  precise  manner  described  by  Mitchell  or  Canton,  not 
only  the  bars  intended  to  be  made  magnetical,  but  also  the 
magnets  employed,  may  be  brought  to  tlmr  highest  posnUe 
state  of  magnetism.  This  is  inevident  conformitj  to  the  gene- 
ral facts  of  induced  magnetism,  and  aflbrds  the  itrangeit  proof 
that  nothing  is  communicated  in  this  opnatioii,  bat  thil 
powers  residing  in  the  bars  are  excited,  or  brought  intoa^ 
tion.  The  manipulation  merely  ghfs  occasum  to  this  Mtk0i 
as  a  spark  of  fire  kindles  a  city. 

298.  There  still  remain  some  circumstances  of  this  iw- 
thod,  as  practised  by  Savery,  Canton,  and  Antheaume^  which 
arc  extremely  curious  and  important. 

Mr.  Savery  had  observed  a  small  bit  of  steel  acquire  very 
sensible  magnetism  by  lying  long  in  contact  with  the  lower 
end  of  a  great  window  bar.     Telling  this  to  a  friend,  he 
was,  for  the  first  time,  informed,  that  this  had  been  long  ob- 
served, and  that  Dr.  Gilbert  had  made  some  curious  in- 
ferences from  it.     Mr.  Savery  wanted  some  magnets,  and 
was  at  a  distance  from  town.     Reflecting,  like  a  {diiloso- 
pher,  on  what  he  had  heard  and  observed,  he  saw  here  a 
source  of  magnetism  which  he  could  increase,  in  the  man* 
ner  commonly  practised  in  making  magnets.     He  placed 
the  bar  AB  (Plate  IV.  fig.  7.)  to  be  magnetised  between 
two  great  bars  of  common  iron  C  and  D,  placing  all  the 
*hree  in  the  magnetical  direction.    He  took  another  bar  EF| 
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II  two  little  pieces  of  iron,  like  tlie  armour  of  a  load 
so  its  ends ;  and  with  those  ends  he  rubbed  the  bar 
ibbiDg  the  upper  half  of  it  with  the  end  F,  and  tlie 
Bill  the  end  £.  The  result  of  this  was  a  very  brisk 
ipm  in  a  few  minutes,  which,  by  varioue  well  devised 
^s,  he  brought  to  its  highest  degree,  Hi&  numc- 
neriments  published  in  tlic  Philosophical  Transac- 
||174€,  contain  much  curious  infomation,  highly  do- 
|tiie  attciiLJun  of  the  philosophers.  Mr.  Ciintoni 
bg  on  tile  sauie  principle,  that  bars  of  iron,  which 
IjKt  long  ID  a  vertical  position,  acquire  an  efficient 
{ftn,  begins  hi»  operations  by  pl.-icinghis  steel  baron 
A<tf  a  kitdien  poker,  and  rubs  it  with  the  lower  end 
V  of  kitchen  tongs.  Mr.  Anlheaume  adheres  more 
$»  the  inferences  from  the  principle  of  terrestrial 
im,  and  repeats  precisely  the  previous  disposition  of 
Incliwd  by  Mr.  Savery,  placing  his  little  steel  bar 
%ite  IV.  Sg  8.)  between  two  great  bars  C  and  D 
■on  iroD,  and  arranging  the  whole  in  the  magnetic 

STben,  proceeding  most  judiciously  on  tlic  same 
he  ^eatly  improves  the  process,  by  employing 
il£Fand  Gil  for  the  touch,  holding  themalwut  an 
Ittt,  inclined  about  15'  to  the  bar  AB.  It  is  plain, 
linlower  end  of  each  of  these  live  bars  is  a  north  pole, 
lupper  end  a  south  pole.  Therefore  the  poles  F 
Iftncur  in  giving  the  proper  magnetism  to  the  por- 
fiof  the  steel  bar  which  is  between  tliem ;  and  by 
jSt  with  these  poles  up  and  dovm,  overpassing  each 
to  about  half  an  inch,  lie  must  soon  give  to  the  bar 
magnetism ;  weak,  perhaps,  but  to  be  after- 
i  in  the  Cantonlan  method,  on  a  horizontal 
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of  Dr.  Oilbert ;   a  disoorery  wUch  the  ngadoofi 

classes  among  the  greatest  in  the  annals  of  sdenoe. 

It  could  not  be  that  a  phenomenon  so  general,  a 

terestiog  and  important  as  the  natural  polarity  of  i 

bodies,  would  be  long  known  without  exriting 

about  its  cause.    Acoordingly  the  philosophers  of 

century  speculated  much  about  it,  and  entertunec 

ty  of  opinion,  if  that  can  be  called  an  opinion  n 

hardly  be  said  to  express  a  thought    We  have  in 

/%te>ashortnotteeofmanyof  theseopnions.    Soi 

tained  that  the  needle  was  directed  by  a  certain  poi 

heavens,  as  if  that  were  saying  more  than  that  : 

pointed  one  way.    Others,  with  more  appearance  o 

ing,  ascribed  the  direction  to  vast  magnetie  rocks. 

this  was  without  ^ving  themselves  the  trouble  of  I 

ascertain  what  situation  of  such  rocks  would  podne 

rection  that  is  observed.    Fracastori  was,  if  we  nisi 

the  first  who  thought  this  trouble  at  all  necessary : 

observes  very  sensibly,  that  if  those  rocks  are  mxf 

be  in  any  place  yet  visited  by  navigators,  and  if  tb 

loadstones  do,  (a  circumstance  which  he  says  mu 

mitted,  if  we  attempt  to  explain,)  the  direction  of 

die  will  be  very  different  from  what  we  know  it  to 

therefore  places  them  in  the  inaccessible  polar  reg 

not  in  the  very  pole.     Norman,  the  discoverer  of  tl 

the  mariner^s  needle,  or  of  the  true  magnetic  dired 

naturally  led  by  his  discovery  to  conceive  the  directi 

as  placed  in  the  earth  ;  because  the  north  pcnnt  of 

die,  in  every  part  of  Europe,  points  very  far  belo« 

rizon.     But  although  he  calls  the  treatise  in  whicl 

nounccs  his  discovery  the  New  Attradivt^  he  doei 

press  himself  as  supposing  the  needle  to  be  attractec 

point  within  the  earth,  but  only  that  it  is  always  dii 

that  point. 

It  is  to  Dr.  Gilbert  of  Colchester  that  we  owe 
Tiion  now  universally  admitted,  that  magnetic  pok 


Ac  coDfititution  of  this  globe.  Norman  had*  not 
IKC}  discovered,  that  if  a  steel  needle  be  vei^  exact- 
aed  on  a  horizontal  axis,  like  the  beam  of  a  com- 
p(^,  feo  that  it  would  retain  any  poEJtioa  given  it, 
^^  tbcQ  touubed  with  a.  magnet,  and  placed  on  its 
&f  tnagnettc  meridian,  it  i^  no  longer  in  equilibrio, 
Lpodoii)  the  north  point  of  it  will  dip  72  or  73  de- 
bv  tbe  boriion.     Ha  did  not,  however,  publish  his 

rn  tiU  be  hod  obtained  information  how  it  stood  in 
Bl»4f  the  world.  The  differences  in  the  variation 
■Bt|)ilw«t  naturally  suggested  the  necessity  of  this 
iPasg  n  nialicr  of  fsariners  compasses,  and  teacher 
m  to  hoodoa,  he  had  the  fairest  opporlunitie* 
b«  desired,  by  furnishing  dipping  needles  to  such 
nigators,  his  scholars,  bs  h«  knew  most  able  to  give 
jltoioFpifttipn.  And  the  accounts  which  be  received 
|lt  diaqtivtiryi  wl^en  announced  to  the  world,  a  very 
l|,  tluQg  \  for  the  commanders  of  ships  engaged  in 
|u{«»,9)id  particularly  to  China,  informed  him  that, 
ncinity  pf  ihe  equator,  his  dipping  needles  remained 
fpi  tb^  horizon,  but  that  in  coming  toward  the  ncoth 
Ikponh  eiid  of  tho  needle  was  depressed,  and  that 
n  end  di[q>ed  in  like  manner  at  the  Cape  of  Good 
Bd  in  the  Indian  Ocean  ;  Uiat  the  needle  gradually 
Ofd  tlic  horizontal  position  aa  tlie  ship  approached 
Itpr,  but  that  in  coming  to  the  north  of  it  at  Bat»- 
,'iiortb  point  again  dipped,  and  at  Canton  was  seve* 
bsa  below  lh«  horison. 

nse  ituUioritie%  Nunnon  boldly  said  that,  it}  tbv 
m1  regions,  the  needle  was  horizontal,  and  that  eithei 
Bed  regidurly  as  it  approached  either  pole ;  and  that 
iples  of  the  earth,  the  needle  was  perpendicular  to 
^QO.  He  therefore  announced  this  as  a  discovery, 
f  aiogMlorly  curious,  but  also  of  immense  importance; 
means  of  a  dipping  needle  the  latitude  of  a  ship  at 
I  be  foupd  without  seeing  the  sua  or  stars. 
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Dr.  Gilbert)  compariDg  this  position  of  the  compits  IM^ 
die  with  the  positions  which  he  had  observed  small  needle 
assnniG  in  his  numerous  experiments  in  relation  toan^* 
net,  as  we  have  described  at  great  length,  was  natunlly  Jed 
to  the  notion  of  the  earth's  being  a  great  loadstonei  or  A 
containing  one,  and  that  this  arranged  the  dippiiig^  or,  i^ 
general,  the  mariner*s  needle,  in  the  same  manner  as  be  ol^- 
served  a  great  magnet  arrange  a  small  needle  pbiaed  on  ICjs 
pivot.     He  therefore  composed  his  Physiob^gia  Nom  <2e 
MagneUf  et  de  Tellure  magno  Magnete  ;  in  which  be  notices 
so  many  points  of  resemblance  to  the  directive  pcywv  of  m 
magnet,  that  the  point  seems  no  longer  to  adnnt  of  u^y 
doubt     Dr.  Gilbert's  theory  may  be  thus  expresBed: 

All  the  phenomena  of  natural  magnetism  are  analogocis 
to  what  we  should  observe,  if  the  earth  were  a  great  mag''- 
net,  having  its  poles  near  the  poles  of  the  earth**!  equator, 
the  north  pole  not  far  from  Baffin's  Bay,  and  the  acmdi  pole 
nearly  in  the  opposite  part  of  the  globe.    A  dipfung  neoUey 
under  the  influence  of  this  great  magnet,  must  ammge  it* 
self  in  a  plane  which  passes  through  the  poles  of  the  mg^ 
net,  tlie  position  of  which  plane  is  indicated  (at  least  neirlj^ 
by  the  ordinary  compass  needle ;  and  it  will  be  inclined  to 
the  horizon  so  much  the  more  as  we  recede  from  the  equa- 
tor of  the  great  magnet. 

This  opinion  of  Dr.  Gilbert  was  not  less  ingenious  than 
important ;  and,  if  firmly  established,  it  furnishes  a  com- 
plete theory  of  all  the  phenomena  of  magnetism.  But  ob- 
servations were  neither  sufficiently  numerous  in  the  time  of 
Dr.  Gilbert,  nor  sufficiently  accurate,  to  enable  that  great 
genius  to  assign  the  position  of  this  great  magnet,  nor  the 
laws  of  its  action.  The  theory  was  chiefly  founded  on  the 
plienomena  of  the  dipping  needle ;  phenomena  which  might 
have  Ix^en  unknown  for  ages,  had  the  first  notice  of  them 
fallen  into  any  other  hands  than  Norman's.  They  are  not, 
like  those  of  variation,  which  might  be  made  by  any  sailor. 
They  require  for  their  exhibition  a  dipping  needlej  and  the 
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a  drcum stances  which  can  occur  only  toamatlie- 
A  dipping  needle  is  to  this  day,  notwithstanding 
'iiBprDTements  in  tlie  arts,  one  of  the  most  delicate 
ind  diflicuU  tasks  that  an  instrument  maker  can  take  in  hand, 
msA  igood  one  cannot  be  had  for  less  than  tvretity  guioeafl. 
""  leonftdent  that  auch  as  even  Nonaan  could  make  were 
to  what  are  now  made,  and  quite  unfit  fiw  tise  at 
I  tfae  ship  is  under  sail,  although  they  may  be  lole- 
tA^  eun  for  an  obwrvation  of  the  dip  in  any  port ;  and 
*re  prewme  that  it  was  such  observations  only  that  Nonnaa 
tooMed'm.  Our  readers  will  readily  conceive  the  difficulty 
'^  pcuiDg  a  needle  with  such  a  perfect  coinodence  of  its 
nnire  of  gravity  and  axis  of  motion,  and  perfect  roundness 
01  uis  axis,  that  it  eluJI  remain  in  any  posittoo  that  is  given 
t-  Add  to  this,  that  a  grain  of  dust,  invisible  to  the  nicest 
^,  gating  under  one  nde  of  this  axis,  may  be  suffitsent 
lot  Duking  it  assume  another  position.  It  must  also  be  a 
difficult  matter  to  prc%rve  this  delicate  thing,  so  as  that  no 
^wnge  can  li^^jen  to  it  Besides,  all  this  must  be  perform- 
ed  OD  a  ^ce  of  tempered  steel  which  we  are  certain  has  no 
"■^gnetim.  Where  can  this  be  got,  or  what  can  insure  us 
I^A  magnetism  ?  Nor  is  there  less  difficult  in  making 
"K  obaervabons  without  great  risk  of  error.  Ifthencedle, 
"^mfala  cnJy  in  a  vertical  plane,  be  not  set  in  the  plane  of 
,  it  will  always  dip  loo  much*.   At  Lon- 


*biaaQF(naM  IV.  tt-  ^)  >>«  tl>c  pUne  of  a  nwgnetic  maridiad,  Hn'O 
**|lBiarftahiiriion,  aiKlNS  tlie  ptxitioo  of  Iha  nufDCtie  needle  in  aojr 
■HsIm  it  is  at  Hbetty  U  tetUa  in  the  true  magnetic  dinctkni.  Tbe  an- 
MOI  Vtbt  JBeUMtioD  oe  dip  of  the  aeedle.  Let  Z  ■  F  be  a  >ertieal  cirde, 
^■ttihswD  MMbooUd^ppiOBlieedk  can  freely  play  up  and  dowih  ''^^ 
'^ffmmttt  flMt  itseir  ip  tlie  magoetlc  direction,  becaoM  it  can  only  more 
ktiMMlplne.  It*  MrthpiHDt  )■  impelled  ia  tbe  direetioene,  and  itt 
**>>|Mll;lBthad!cMti(nf^,botbofw)iii:bBrapaiall>ltoNS.  BytbeU** 
^llMsd  «qaSbtiiUB,  U  eiraot  nM,  escept  ht  aodi  a  pa*itioa  that  the 
"•MtMlvsraiBapUaeiwipaodiculartoibeplaiwZMF.  to  any  other 
Mii^ltea  WSaU  be  ■  twM  ia^lns  the  needle  toward  that  lids  as  which 
"•■lM«a«Bl*i^wilhtbat*iiceMrafo[thtTertieald(Ct*.  Tbete- 
VtLlV.  T 
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don,  where  the  magnetic  direction  U  inclined  73o  to  the  ho- 
rizon, if  it  be  in  a  plane  20°  from  the  magnet  meridiois 
it  will  Btand  almost  perpendicular ;  for  it  is  eaaj  to  m^  by 
the  mechanical  resolution  of  fiwces,  that  it  will  take  the  po* 
sition  which  brings  it  nearest  to  the  true  magnetic  dBMlioa 
This,  we  think,  is  confirmed  by  several  of  Nominli  ad 
other  old  observations  of  dip.  They  are  much  grate  tlm 
they  have  been  since  found  in  the  same  places. 

300.  Mr.  Daniel  fiemoulli  has  given  a  veiy  ingakui 
principle,  by  which  we  can  make  a  dipfnng  needle  viuch 
will  give  a  very  accurate  observation  on  shore;  and  bang 
so  easily  executed,  it  deserves  to  be  generally  known,  hi 
a  dipping  needle  be  made  in  the  best  manner  that  csn  be 
done  by  a  workman  of  the  place,  and  balanced  with  some 
care  before  impregnation,  so  that  wc  may  be  eertSB  that 
when  touched  it  w'dl  take  nearly  the  true  dip.    Toudk '% 
and  observe  the  dip.  Destroy  its  magnetism,  and  diSBato 
its  balance  in  sucli  a  manner  that,  witliout  any  vmffnb^ 
it  will  arrange  itself  in  the  inclination  of  the  obserred  dip- 
Now  touch  it  again,  giving  it  the  same  poles  as  before.  I^ 
is  plain  that  it  will  now  approach  exceedingly  near  iadeed 
to  the  true  dip,  because  its  want  of  perfect  equilibrium  de- 
ranged it  but  a  few  degrees  from  the  proper  direcUon.   u 
this  second  observation  of  the  dip  should  differ  several  de- 
grees from  the  first,  by  the  inaccurate  first  formation  of  the 
needle,  it  will  be  proper  to  repeat  the  operation.   Veiy  xtf^ 
ly  indeed  will  tlie  third  observation  of  die  dip  vary  from  the 
truth  half  a  degree. 

fore  the  spherical  triangle  N  n  F  is  right  angled  in  ft,  and  Cof.  NF  • :  E  » 
Tan.  n  F  :  Tan.  NF,  =  Tan.  HN, :  Tan.  »'  iu    Therefore 

Tan.  n'n^  J*""^, :»  Tan.  HN  V  Sec  H  n'.    Therefore,  is  uy  pUce, 
Cos.  H  IT 

the  real  inclination  of  the  magnetical  direction  to  the  horizon  Is  differait  hma 

what  ig  pointed  out  by  a  dipping  needle  when  it  is  in  a  plane  wbksh  dacrmei 

from  the  magnetic  meridian ;  and  the  tangent  of  the  obterred  dip  of  the  needle 

exceeds  that  of  the  inclinatioa  of  the  magnetic  directioo  in  tbe  propoitioo  of 

radius  to  the  cosine  of  Uie  deriation  HC  <  or  the  proportion  of  tbe  aeonntJoC  Ibis 

angle  to  the  radius.    If  therefore  tbe  dipping  needle  play  in  a  magnetic  east 

and  west  circle,  it  will  stand  perpendicular  to  the  horizon. 
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IKAernouIH  lauJces  this  nmple  oontrivanoe  answer  the 
Ft^Mtoof  att  mnremd  mstrument  in  the  following  ing&- 
SibtAiMMr;    A  rery  light  brws  graduated  ciide  EF6 
IRni  IV.  *  flg^  9.)  IB  fixed  to  one  ade  of  the  needle^  ccm- 
lia  axw,  and  the  whole  is  balanced  as  nicely  as 
impregnation.    A  very  light  index  CD  is 
on  the  axis,  so  as  to  turn  rather  stiffly  on  it. 
"Hiia^rildfeMvoy  the  equilibrium  of  the  needle.     If  the 

made  with  perfect  accuracy,  and  perfectly 
adcBtioii  of  this  index  would  cause  it  always 
tile  index  perpendicular  to  the  horison,  what- 
ofthedieleit  may  chance  to  pmnt  at.  But  as 
to  be  expected,  set  the  index  at  various  de- 
and  note  what  inclination  the  unmagne- 
^^  iMdi^tllM  ftr  each  place  of  the  index,  and  record  them 
dl4ik  tlihUib '  Suppose,  for  example,  that  when  the  index 
ifc^^MWi^JMI  dMe  mclines  46o  from  the  horizon.  If  in  any 
flliiMiNMhrthat  the  needle  (rendered  magnetic  by  ly. 
iniy^MNMii  Mlretiong  magnets),  having  the  index  at  60, 

^may  be  certain  that  this  is  the  dip  at  that 
i|  ^Av^hi  needle  is  not  deranged  by  the  magnetism 

which  gravity  alone  would  give  it.  As 
ij|taHiD)r  tmow  something  of  the  dip  that  is  to  be  expect- 
HHb  My  pbee,  we  must  set  die  index  accordingly.  If  tlie 
not  shew  the  expected  dip,  alter  the  position  of 
and  aginn  observe  the  dip.  See  whether  this  se- 
of  the  index  and  this  dip  fcmn  a  pair  which  is 
dke  tahla.  If  they  do,  we  have  got  the  true  dip.  If  not, 
try  another  position  of  the  index.  Noticing  whether 
It  of  this  last  pair  be  greater  or  less  than  that 
rf  Ihi  Ibnner  pair,  we  learn  whether  to  change  the  position 
"ff  dba  mdoL  in  the  same  direction  as  before^  or  in  the  oppo- 
Wl9^  Tlie  writer  of  this  article  has  a  dipping  needle  of  this 
iiid|i  Md»by  a  person  totally  unacquainted  with  the  making 
'rftMiiaiP|ihi<  il  instruments.  It  has  been  used  at  Leith, 
tf^Ctonalndt  in  Russia,  at  Scarborough,  and  at  New  York« 
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and  the  dip  indicated  by  it  did  not  in  any  angle  trial  dlfftf 
It  degrees  from  otlu-r  trials,  or  from  the  dip  observed  bj 
the  finest  instruments.  He  tried  it  himself  in  Loth  Boidi, 
'in  a  rough  sea ;  and  does  not  think  it  inferior,  either  inoer* 
tainty  or  dispatch,  to  a  needle  of  the  most  elaborate  000. 
struction.  It  is  worthy  of  its  most  ingemous  author,  and  of 
the  public  notice,  because  it  can  be  made  for  a  modcnte  ex- 
pence,  and  therefore  may  be  the  means  of  multiplying  the 
observations  of  the  dip,  which  are  of  immense  oonseqnaioe 
in  the  theory  of  magnetism,  and  for  giving  us  an  accnnte 
knowledge  of  the  magnetical  constitution  of  this  ^obSi 

301.  This  knowledge  is  still  very  imperfect,  owiiigtodie 
want  of  a  very  numerous  collection  of  observatiaiis  of  tbe 
dip.     They  are  of  more  importance  than  those  of  the  lion- 
zontal  deviations  from  the  meridian.     Ail  that  we  can  tty 
is,  that  the  earth  acts  on  the  mariner's  needle  as  a  gECit 
loadstone  would  da    But  we  do  not  think  that  the  appeff- 
ances  resemble  the  cifocts  of  what  we  would  call  a  good 
loadstone,  having  the  regular  magnetism  of  two  vigoioos 
poles.     The  dips  of  the  needle  in  various  {larts  of  the  earth 
seem  to  be  such  as  would  result  from  the  action  of  an  ex- 
tremely irregular  loadstone,  having  its  poles  es^ceedin^y  dif- 
fused.    The  increase  of  the  dip,  as  we  recede  from  those 
places  where  the  needle  is  horizontal,  is  too  rapid  to  agree 
with  the  supposition  of  two  poles  of  constipated  magnetisint 
whether  we  suppose  the  magnetic  action  in  the  inverse  simple 
or  duplicate  ratio  of  the  distances,  unless  the  great  terres- 
trial magnet  be  of  much  smaller  dimensions  than  what  some 
other  appearances  oblige  us  to  suppose.      If  there  be  four 
poles,  as  Dr.  Hallcy  imagined,  it  will  be  next  to  impoasiUe 
to  ascertain  the  positions  of  the  dipping  needle.     It  will  be 
a  tangent  to  one  of  the  secondary  magnetic  curves,  and  these 
will  be  of  a  very  intricate  species.    We  cannot  but  oonader 
the  discovery  of  the  magnetic  constitution  of  this  globe  as  a 
point  of  very  great  importance,  both  to  the  philosopher  and 
.to  society^     We  hi^vc  considered  it  iirith  some  care ;   but 
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hitherto  we  have  toot  been  able  to  form  a  systematic  view  of 
the  appearances  which  ^ves  us  any  satisfaction.  The  well 
informed  reader  is  sen^ble,  that  the  attempt  by  means  of 
the  horizontal  or  variation  needle  is  extremely  tedious  in  its 
application,  and  is  very  unlikely  to  succeed ;  at  the  same 
time  it  must  be  well  understood*  The  two  dissertations  by 
Euler,  in  the  13th  and  23d  volumes  of  the  Memoirs  of  die 
Royal  Academy  at  Berlin,  are  most  excellent  performanoesi 
and  ^ve  a  true  notion  of  the  difficulty  of  the  subject.  Yet, 
even  in  these,  a  circumstance  is  overlooked,  which,  for  any 
thing  we  know  to  the  contrary,  may  have  a  very  great  ef- 
fect. If  the  magnetic  axis  be  far  removed  from  the  axis  of 
revolution,  as  far,  for  example,  as  Mr.  Churchman  places  it, 
the  magnetic  meridians  will  be  (generally)  much  inclined  to 
the  horizon ;  and  we  shall  err  very  far,  if  we  suppose  (as  in 
Euler^s  calculus)  that  the  dipping  needle  will  arrange  itself 
in  the  vertical  plane,  passing  through  the  direction  of  the 
horizontal  or  variation  needle ;  or  if  we  imagine  that  the 
poles  of  the  great  magnet  are  in  that  plane.  We  even  pre* 
sume  to  think  that  Mr.  Euler^s  assumption  of  the  place  of 
his  fictitious  poles  (namely  where  the  needle  is  vertical)^  in 
order  to  obtain  a  manageable  calculus,  is  erroneous.  The 
introduction  of  this  circumstance  of  inclination  of  the  mag* 
netic  meridians  to  the  horizon,  complicates  the  calculation 
to  such  a  degree  as  to  make  it  almost  unmanageable,  except 
in  some  selected  situations.  Itortunately,  they  are  imp<Mrtant 
ones  for  ascertaining  the  places  of  the  poles.  But  the  inves- 
tigation by  the  positions  of  the  dipping  needle  is  incompara- 
bly more  simple,  and  more  likely  to  give  us  a  knowledge  of  a 
multiplicity  of  poles.  The  consideration  of  the  magnetic 
curves  (in  the  sense  used  in  the  present  article),  teadics  us 
that  we  are  not  to  imagine  the  poles  immediately  under  those 
parts  of  the  surface  where  the  needle  stands  perpendicular  to 
the  horizon,  nor  the  magnetic  equator  to  be  in  those  places 
where  the  needle  is  horizontal ;  a  notion  commonly  and  pfam- 
i^ibly  entertained.  Unfortunately  our  most  numerous  observe 
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tions  oF  the  dip  ard  not  in  places  wliere  they  are  the  tnoBt  in- 
structive. A  series  should  be  obtained,  extending  ham  Nev 
Zealand  northward,  across  the  Padfic  Ocean  to  Cape  Fur- 
weather  on  the  west  coast  of  North  America,  and  eon^ 
tinned  through  tliat  part  of  the  continent     Another  series 
sliould  extend  from  the  Cape  of  Good  Hope,  up  along  the 
west  coast  of  Africa  to  the  tropic  of  Capricorn ;  fiom  thnc^ 
across  the  interior  of  Africa  (where  it  would  be  of  great  \^^ 
portance  to  mark  the  place  of  its  horizontaUty)  through  ^^ 
cily,  Italy,  Dalmatia,  the  east  of  Germany,  the  Gulph  ^^ 
Bothnia,  Lapland,  and  the  west  point  of  Greenland.    Tlsi^^ 
would  be  nearly  a  plane  passing  through  the  probaUe  aitu^^^ 
tions  of  the  poles.    Another  series  should  be  made  at  xi^tm  ^ 
angles  to  this,  forming  a  small  circle,  crossing  the  other  nea 
Cape  Fairweather.    This  would  pass  near  Japan,  thioogl 
Borneo,  and  tlie  west  end  of  New  Holland ;  also  near  Mexko^  - 
and  a  few  degrees  west  of  Easter  Island.  In  tliis  place,  anc:^ 
at  BoruLK),  the  inclination  of  the  magnetic  plane  to  the  horl  — 
zoii  would  be  considerable,  but  we  cannot  find  this  out.    I  ^ 
may,  however,  be  discovered  in  other  points  of  this  cicde  ^^ 
where  the  dip  is  considerable.  We  have  not  room  in  this  shorfl^ 
account  to  illustrate  the  advantages  derived  from  thesi?^ 
scricscs ;  but  the  reflecting  reader  will  be  very  sensible 
them,  if  he  only  supposes  tlie  great  magnet  to  be 
nicd  by  its  magnedc  curves,  to  which  the  needle  is  always 
a  tangent.  He  will  tlien  see  that  the  first  series  from  Neir" 
Zealand  to  Ca}X!  Fairweather,  and  the  second  from  Cape* 
Fairweather  round  the  other  side  of  the  globe,  being  in 
one  plane,  and  at  very  different  distances  from  tlie  magnetic 
axis,  must  contain  very  instructive  positions  of  tlie  needle. 
Rut  wc  still  confess,  that  when  we  compare  the  dips  al- 
ready known  with  the  variations,  they  appear  so  irreconcale* 
able  with  the  results  of  an  uniform  regular  magnetism, 
that  wc  despair  of  success.  Every  thing  seems  to  indioate  a 
multiplicity  of  poles,  or,  what  is  still  more  adverse  to  all 
calculation,  an  irregular  magnetism  with  very  diffused  po- 
larity.    ^ 
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tfach  instniction  may  surely  be  expected  from  the  ob- 
itions  of  the  Busaian  academicians  and  their  eleves,  who 
mglnjed  in  surveying  that  vast  empire ;  yet  we  do  not 
with  m  single  observation  of  the  dip  of  the  needle  in  all 
J'gooe  publications  of  that  academy,  nor  indeed  are 
{ many  of  the  variation. 

■2.  For  want  of  such  information,  philosophers  are  ex« 
Ay  divided  in  their  oinnions  of  the  situation  of  the 
Mtic  poles  of  thi5  globe.  Professor  Kruffl,  in  the  17th 
me  of  the  Petersburgh  Commentaries,  places  the  north 
alat  70o N.  and  long.  23o  W.  from  London;  and  the 
pole  in  ht  50<'  S.  and  long.  92«  £. 
ilckeof  StockhcJm,  in  his  indication  chart  (Swed,  Mem. 
Kzx.  p.  218.)|  pkces  the  north  pole  in  N.  Lat  75^, 
BdBn^a  Bay,  in  the  lon^tude  of  California.  The  south 
ui  m  Ihe  Pacific  Ocean,  in  lat  70o  S. 
mirhniM  places  the  north  pole  in  lat  59^  N.  and  long. 
'  Wi  a  licde  way  inland  from  Cape  Fairweather ;  and 
outfi  pok  in  lat  59<»  S.  long.  166''  £.  due  south  from 


fjaniipllere  by  the  Academy  of  Scienoes  at  Paris  fur 
^  places  the  magnetic  equator  so  as  to  intersect  the 
'a  equator  in  long.  75^  and  155«  from  Ferro  Canary 
dy  with  an  inclination  of  12  degrees  nearly,  making  it 
mt  circle  very  nearly.  But  we  are  not  informed  on 
authority  this  is  done ;  and  it  does  not  accord  with 
'  observations  of  the  dip  which  we  have  collected  from 
voyages  of  several  British  navigators,  and  from  some 
jjtB  between  Stockholm  and  Canton.  Mr.  Churchman 
JTien  a  sketch  of  a  planisphere  with  lines,  which  may 
Ued  parallels  of  the  dip.  Those  parts  of  each  parallel 
bave  been  ascertained  by  observation  are  marked  by 
oo  that  we  can  judge  of  his  authority  for  the  whole 
ruction.  It  is  but  a  sketch,  but  gives  more  synoptical 
nation  than  any  thing  yet  published.  The  magnetic 
or  cuts  the  earths  equator  in  long.  IS**,  and  195**  E. 
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from  Greenwich,  in  an  angle  of  nearly  17  d^rees.  -the 
ciit*le8  of  magnetic  inclination  are  not  paralleli  being  80D- 
siderably  nearer  to  each  other  on  the  short  meridian  thn 
on  its  opposite.  This  circumstance,  being  founded  on  qIh 
servation,  is  one  of  the  strongest  arguments  for  the  e&iteiee 
of  a  magnet  of  tolerable  regularityi  as  tlie  cause  of  illtltf 
positions  of  the  compass  needle «  for  such  wmst  be  thafon- 
tiohs  of  the  circles  of  equal  dip,  if  the  axis  of  this  mafftiii 
fkt  removed  from  the  axis  of  rotatiod;  and  does  not  iatBT' 
sect  it. 

The  celebrated  astronomer  Tobias  Mayer  of  GottiBpii 
proposed  the  following  hypothesis,  by  which  the  diredioBflf 
the  mariner's  needle  in  all  ports  of  the  earth  may  be  deltf- 
mined.    He  supposes  that  the  carih  contains  a  ¥ery  powflv 
ful  magnet  of  inconuderable  dimensions,  which  anngestlie 
needle  according  to  the  known  laws  of  magnetianL   Tbe 
centre  of  this  magnet  was  distant  from  die  centie  of  die 
cartli  about  480  English  miles  in  1756,  and  a  line  joininf 
these  centres  intersected  the  earth's  surface  in  a  point  utUiA> 
cd  in  W  N.  Lat.  and  ISS^  £.  Long,  from  London.   Tk 
axis  of  the  magnet  is  perpendicular  to  this  line^  and  the 
plane  in  which  it  lies  is  inclined  about  11^  to  the  fdaneof 
the  meridian,  the  nortli  end  of  the  axis  lying  on  the  eiit 
side  of  tliat  meridian.     From  these  data,  it  will  be  found 
tliat  the  axis  of  this  magnet  cuts  tl)c  surface  of  the  eaith 
about  the  middle  of  the  eastern  shore  of  Baffin^s  Bay,  and 
in  anotlicr  point  about  800  miles  S.  S.  W.  of  the  southern 
point  of  New  Zealand.     Professor  Lichtenberg  of  GSotcing- 
cn,  who  gives  this  extract  from  the  manuscript,  says,  that 
the  hypothesis  is  accompanied  by  a  considerable  list  of  * 
lions  and  dips  calculated  by  it,  and  compared  with  ol 
tions,  and  that  the  agreement  is  very  remarkable.     He  gives 
indeed  a  dozen  instances  in  t^ery  different  r^ons  of  the 
earth.     But  we  suspect  that  there  is  some  error  or  defect  in 
the  data  given  by  him,  because  the  annual  changes,  whidb 
be  also  gives,  arc  such  as  are  inconsistent  witli  the  data,  and 
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n  irilh  each  other.  He  says,  that  the  distance  irom  the 
:  cdUfe  increases  about  four  nUa  aimually,  and  tbftt  daue 
mm  an  annual  diminution  of  8  nimatn  in  the  latitude  and 
14  ia  the  longtitude  of  that  point  where  the  stnigfat  line 
jamog  Ok  wntreB  meets  the  «irftoe.  It  can  lune  ne  nich 
CDuequence.  He  says  also,  that  the  above  mentioDed  in- 
dioaiioQ  of  the  planes  increases  8  minutes  annuallj.  The 
ujoifKHwd  force  of  the  magnet  b  uid  to  be  «b  the  square 
rout  cf  the (bscance  inversely.  We  are  at  a  km  to  onder- 
siand  tlu  meaning  of  this  circumstance ;  because  Hirer's 
li/putAisis  concerning  the  lavr  of  magnetic  actitm  is  exceed* 
uij^y  ili^Ttireiit,  as  relntetl  by  Mr.  Lichtenbeig  from  the  same 
funuucfri.  But  it  was  our  duty  to  communicate  tlus  Do- 
unMkitigh  imperfect,  of  (liespeculadouof  duscdefarsted 
Biuliemtudan.  See  Exlibmt  Ekm.  of  Nat.  FkS.  publisb- 
ei  bj  Lichtwibei^  1784.  p.  64S. 

303,  Nov,  if  the  situaiitm  of  the  poles  be  any  thing  near 
tlie  average  or  medjum  of  these  determinationBt  end  if  we 
fonu  all  our  notions  by  analogy,  compering  the  poutiona  of 
ilieompasd  needle  in  relation  to  the  great  terrestrial  mag* 
net,  wit))  liie  positions  osaumed  by.  a  small  needle  in  the 
ncigfibourhood  of  a  luagnet,  we  must  conclude,  that  the 
lu^ftical  constitution  of  ihi^i  globe  has  little  or  no  reference 
(oitan^ukr  eKtemai  funn.  The  axis  (^  the  magnet  is  very 
^tWDuved  from  that  of  the  globe  (at  least  1500  miles), 
inditDot  nearly  parallel  to  it,  nor  in  the  same  plane.  It 
'eqoircd  the  liagacity  and  the  skill  ofaEuler  to  subject  such 
■owhIous  ntagnetism  to  any  rules  (tf  computation;  and  every 
P^noD  qualiiied  to  judge  of  the  subject  must  allow  his  di>> 
'"iKka  m  the  13th  vulumcof  the  Berlin  Memwrs  to  be  a 
*°tk  of  wonderful  research.  It  is  a  very  agreeable  thing  to 
M  (ueh  a  eonformily  betweoi  the  lines  whieh  express  the 
"f^igBitiim  a!  Euki's  dissertation,  and  the  lines 
^Mij^JIr.  Halley  from  observation,  and  which  iqipeared 
^MlMf'aBaqnaoua,thathe  despaired  (notwithstanding 
■MMmiMatB  <lull  in  geometry)  (^  their  ever  being  rB> 
"■■d  tB#BWtliematical  and  precise  system. 
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a04t.  Without  detracting  from  the  merit  of  Dr.  Oilbett, 
ve  may  presume  to  gay  that  his  notion  of  the  earth's  Imif 
a  great  magnet  was  not,  in  his  mind,  more  than  m  wgiciBai 
eonjecture,  formed  from  a  very  general  and  e?en  yngm 
comparison.  Yet  the  comparison  was  suflkaently  good  to 
giTe  him  great  confidence  in  his  opinion  that  the  aolioa  cf 
this  great  magnet,  in  perfect  conformity  to  what  we  efaswe 
in  our  experiments  with  magnets,  is  the  source  of  a&tte 
magnetism  that  we  obseve.  If  there  was  nothing  dnia 
proof  of  the  justness  of  his  theory,  it  is  abundantly  jnf^d 
by  the  beautiful  experiment  of  Mr.  Henshaw,  mcntionri  is 
the  article  Vabiatiok,  Encj^l.  p.  621.  ool.  8.  An  iron  bv 
held  neariy  upright,  attracts  the  south  end  of  a  coapni 
needle  with  its  lower  end ;  and  if  that  end  of  the  bar  be  kqit 
in  its  place,  and  the  bar  turned  round  till  it  bsMnes  the 
upper  end,  tlie  south  point  of  the  needle  immedbtdy  timii 
away  from  it,  and  the  north  end  is  now  attracted.  This  espe- 
riment  may  be  perfectly  imitated  with  artificial  inagiwrwn 

Having  supported  a  large  magnet  SAN  (Plate  IV.  fig* 
10.)  so  that  its  ends  are  detached  from  surrounding  bo£0% 
place  a  small  needle  B  (poised  on  its  pivot)  about  three 
inches  below  the  north  pole  N  of  the  magnet,  and  in  such 
a  situation  that  its  polarity  to  the  magnet  may  be  very  wesL 
Take  now  a  small  piece  of  common  iron,  and  hidd  it  in  the 
position  represented  at  C.     Its  lower  end  becomes  a  north 
pole,  attracting  the  south  pole  of  the  needle.     Keeping  dus 
in  its  place,  turn  round  the  piece  of  iron  into  the  poritioD 
D ;  the  south  pole  of  B  will  now  avoid  it,  and  die  north 
pole  will  be  attracted.     We  directed  the  needle  to  be  so 
placed,  that  its  polarity  in  relation  to  the  magnet,  nay  be 
weak.     If  it  be  strong,  it  may  act  on  the  end  of  C  or  D  like 
a  magnet,  and  counteract  the  magnetism  induced  on  C  or  D 
by  vicinity  to  A. 

An  anonymous  writer  in  the  Philosophical  Transaetiona, 
No.  177.  Vol.  XV.  relates  several  observations  made  during 
a  voyage  to  the  East  Indies,  which  are  quite  oonibnnahle  to 
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A  tf9  leagues  northwest  frem  the  ialand  Asoenaon^ 
paint  of  the  oomposs  needle  hardly  shewed  any 
l»  or  fiRMn  die  lower  end  of  an  iroD  bar.  It  seem- 
to  avoid  Ae  uj^ier  end ;  it  was  not  in  the  least 
llj  tho  viddle  of  the  bar ;  but  when  the  bar  was 
10  the  magnetic  direction,  its  two  ends  af- 
ends  of  the  compass  needle  very  strong- 
faoriaontal,  and  lying  at  right  angles  to  the 
I,  its  polarity  was  altogether  indifferent, 
piienomena  of  induced  artificial  magnetism 
TCOcmblance  to  the  phenomena  of  natural 
•  Imt  whidi  has  remained  long  in  the  vidnity  of 
nagnetism  (permanent)  in  the  same  way, 
hf'ihm  same  drcumstances,  as  in  natural  mag- 
a  bit  of  common  iron  in  the  immedi- 
ft' magnet,  gives  it  very  good  magnetism. 
'A  vai  IJbt  bar  to  cool  in  the  neighbourhood  of  a 
effect.      Also  quenching  it  suddenly 
^^:  Awftin»«ftdb     Quenching  a  small  red  hot  steel  bur 

was  found  by  us  to  communicate  a 
magnetism  tiian  we  could  ^ve  it  by  any 
Its  form  indeed  was  very  unfavourable  for 
Uit  mdirtavf  method  of  touching ;  for  it  consisted  of  two 
&■!•  ipimiB  connected  by  a  slender  rod,  and  could  scarce- 
ly JbaJmyngftated  in  any  other  way  than  by  pladng  it  for  a 
ymy^lmg  while  between  magnets.  In  all  these  experiments, 
the  palMitj  aequired  is  precisely  similar  to  that  acquired  by 
thamn»  tr|ptment  in  relation  to  this  supposed  great  ter- 
mlMl  magMC  In  short,  in  whatever  manner  we  pursue 
this  mtiogy  in  our  experiments,  we  find  the  resemblance 
maat  perfect  in  the  phenomena. 

Wa  oannot  but  think,  therefore,  that  this  new  physiology 
of  the  magnet  by  Dr.  Gilbert  is  well  established ;  and  we 
tUnlL  owmlfsea  authorised  to  assume  it  as  a  proposition  ful- 
Ij  Jwwnstfftted,  that  the  earth  is  a  great  magnet,  or  con- 
tain ft  great  magnet,  the  agency  of  which  produces  tiie  di- 
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irection  of  the  magnetic  needle,  and  all  the  magnetisift  wU' 
iron  acquires  by  long  continuance  in  a  proper  poutiQa.  It 
is  this  which  made  us  say,  in  the  beginning  of  tUi  alii 
cle,  that  attraction  and  polarity  were  not  confined  to  nif^ 
nets,  but  were  properties  belonging  to  all  iron  in  its  ndili 
lie  state.      We  now  see  the  reason  why  any  pieee  of  irar 
brought  very  near  to  another  piece  will  attract  i(— Mi  b» 
come  roagnetical,  in  consequence  of  the  agency  of  die  pvt 
magnet ;  and  their  magnetism  is  so  disposed,  that  tharas* 
tual  attractions  exceed  their  repulsions.    Also,  idiy  an  im 
rod,  placed  nearly  in  the  magnetical  direction,  will  finlj 
arrange  itscli'  in  that  direction.      Also,  why  the  tentMl 
polarity  of  common  iron  is  indifferent,  and  either  end  of  die 
rod  will  settle  in  the  north,  if  it  have  nearly  that  poolioD  it 
first     The  magnetism  induced  by  mere  mancBtary  posi- 
tion is  so  feeble  as  to  yield  to  any  artificial  magnetism.    As 
a  moment  was  sufiicient  for  imparting  it,  a  moment  snflkes 
for  destroying  it ;  and  another  moment  will  impart  the  op- 
posite magnetism.    But  artificial  magnetism  requires  watt 
force  for  its  production,  and  some  of  it  remains  when  die 
producing  cause  is  removed,  and  it  does  not  yield  atoooeto 
the  contrary  magnetism.     That  there  is  no  farther  differ- 
ence appears  from  this,  that  long  continued  position  gives 
determined  and  permanent  magnetism,  and  that  it  b  d^ 
stroycd  by  an  equally  long  continuance  in  the  contrary  poa- 
tion.     It  seems  to  be  very  generally  true,  that  a  niBgnet 
will  carry  more  by*  its  north  than  by  its  south  pole.    It 
should  be  so  in  this  part  of  the  world,  becau^  the  terres* 
trial  magnetism  induced  on  the  iron  conspires  with  the  mag- 
netism induced  by  the  north  pole  of  a  magnet,  butoouDCer- 
acts  the  magnetism  induced  by  the  south  pole. 

Tiie  propriety  of  Mr.  Savery's,  Mr.  Canton^s,  and  Mr. 
Antlieaume's  processes  for  beginning  the  impregnation  of 
hard  steel  bars  is  now  plain,  and  the  superior  effect  erf  the 
two  great  bars  of  common  iron  in  the  proposed  method  oi* 
Mr.  Antheaume.     We  cannot  but  take  this  opportunity  of 
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the  proper  tribute  of  pniee  to  the  iagenuity  of  Mr. 

.    Every  ctrcumsTance  of  hU  procen  was  selected  in 

uenoc  uf  an  accurate  cotice{>tion  of  msgnetum,  and 

mbuwUan  of  this  aStiBoe  with  Dr.  Gilbert*!  theoiy. 

roccss  is  the  same  vith  Anthawme'B  in  ever;  reelect, 

1  the  orcuniiitance  ot  the  double  toudi  borrowed  from 

liell  and  Canton.     Theaa  obaerTati(Hu  do  not  detract 

1  the  discernment  of  Mttdwll  and  Canton,  who  saw  in 

le  experiinrats  what  htd  escaped  the  attention  of  hui^ 

ds  of  readers. 

Ip5.  But  there  occurs  ao  objectioD  to  thb  theory  of  Dr. 
Ivrt,  wliid)  wa»  urged  agwnat  it  with  great  fanx.  We 
|rvo  no  tendency  in  the  magnet  or  compass  needle  to- 
1^  this  supposed  magneL  An  inm  or  steel  bar  is  not 
iUd  to  increase  its  tendency  downwards,  that  is,  is  not 
nnbly  heavier,  when  it^  south  pole  is  uppermost  in  this 
art  nl'  the  world.  A  needle  set  afloat  on  a  pece  of  cork 
rrangcs  itself  (quickly  in  the  pn^wr  direction ;  but  if  con- 
inued  Gccr  so  loo^  afloat,  it  has  never  been  obsored  to  ap- 
proach the  north  sulu  of  the  vessel.  This  is  quite  unlike 
tthal  we  observe  in  the  mutual  actions  of  magnetb,  or  the 
ictioii  o(  ma^ets  on  iron.  This  objection  appears  to  have 
given  Dr.  Gilbert  some  coitcem ;  and  he  mentions  many  ex- 
periments whichhavc  been  tried  00  purpose  to  discover  some 
magnelical  tendency.  He  gets  rid  of  it  as  well  as  lie  can, 
by  saying,  thai  the  directive  power  of  a  magnet  extends 
much  fartlier  than  its  attractive  power.  He  oonfirms  th!» 
by  several  experiments.  But  Dr.  Gilbert  had  not  studied 
ihe  simuluneous  actions  of  the  four  poles,  nor  explained,  by 
the  principles  of  compound  motion,  how  these  produced  all 
the  possible  positions  of  the  needle.  Indeed,  the  composi- 
bon  of  mechanical  forces  ^ras  by  no  means  familiar  with  phi- 
lowphurs  at  the  end  of  tlie  l^tb  century.  We  see  it  now 
veiy  distinctly.  Tlie  polaii^  of  the  needle,  or  the  force 
with  which  it  turns  itself  into  the  magnetical  position,  de- 
j^^m^^^d^Q^ence  between  the  <iinu  of  the  actions  of 
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each  pole  of  the  magnet  on  both  the  poles  of  the 
whereas  its  tendencfr  towards  the  magnet  depends 
difference  of  the  Hffaremxi  of  those  actions  (see  §  28 
The  first  may  thus  be  very  great  when  the  other  i 
insensible.  We  see,  that  coarse  iron  filings  heaps! 
magnet  very  fast,  and  that  very  fine  filings  iqpproad 
slowly.  N0W5  the  largest  magnet  that  we  ean  anpb 
compared  with  the  great  magnet  in  the  earth,  is 
particle  of  the  finest  filings  that  can  be  conoetrei 
surely  dimimshes  exceedingly,  if  it  does  not  entirel; 
late  the  objection :  but  as  we  have  heard  it  uiged ' 
as  an  improbaUe  thing,  that  a  long  magnet,  kept  1 
many  months  (which  has  been  done)  shall  not  1 
maUut  tendency  towards  the  pole  of  the  termtrial 
we  think  it  deserves  to  be  considered  ?rith  Boeamxj^ 
question  decided  in  a  way  which  will  admit  of  no  i 

306.  Let  the  very  small  magnet  C  (Plate  IV.  ^ 
placed  near  a  great  magnet  A,  and  then  nearasma 
net  B,  in  such  a  manner  that  its  polarity  to  both 
the  same ;  and  then  let  us  determine  the  propo 
tween  the  attractions  of  A  and  B  for  the  small  maj 

This  will  evidently  depend  on  the  law  of  magnet 
For  greater  amplicity  of  investigation,  we  shall  con 
selves  with  supposing  the  action  to  be  inversely  as 
tance. 

Let  AN,  =  AS,  =  a,-  BN  =  i;  C  n  =  c,  AC 
=  };  and  let  the  absolute  force  of  A  be  to  that  of 
same  distance  as  m  to  1. 

The  magnetic  action  being  supposed  proportional 

have, 

m 
1.  Action  of  AN  on  C  «  = 


m 


ANonC»  =  -^^^^-- 


5.  The  whole  action  :i .  - 

|i  JP—a  +e  X  *^a— e* 

S.  If  e  be  very  small  in  ODBipuiHHl  with  aotb,  tbt  whole 
Swaed 
iKtioa  of  A  b  very  noarty  x:  ^ 


7.  Ami  the  tendency  of  C  to  B  ii^  in  like  i 
86c3 

The  directive  powcra  of  A  and  B  an  at  tlicir  Bmumn 
Gtate  when  C  is  placed  with  Ua  axis  at  right  an^M  to  tbc 
Uncs  AC  or  BC.    lo  which  cau  we  han^ 
4m  a 

8.  The  dinrtiTe  power  of  A  =  gi;^^^ 

4i 

9.  The  directive  power  ot  B  :=  JflZp- 

When  tliese  directive  powers  are  made  equal,  by  phcmg 
C  at  tlie  proper  distances  from  A  and  B,  ve  have, 

(0.  4 1»  a  :  *  6,  or  M  a :  &  =  J*  —  a? :  J*  —  i* 
AndmaP— maft»  =  6in— fta* 

Iflttlw  attnctuiuaf  A  aad  B  for  the  vai^r  small  nug- 
IHt  Cf  whan  ito  polarity  to  both  is  the  same,  be  expressed 
\j  the  symbols  «  and  A    We  have 

la  A<'''»fA;attr°ofB  =  4d:i»a> 
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As  an  example  of  this  oomparison,  let  us  suppoa 
great  terrestrial  magnet  to  be  a  thousand  times  krge 
stronger  than  the  magnet  whose  attraction  we  are  ooi 
ing  with  that  of  terrestrial  magnetism.  Let  us  also  sa 
the  distance  from  the  pole  of  the  great  magnet  to  be 
so  that  its  attraction  may  be  considerable.  Let  us 
d-  1900,  a  being  =:  1000,  and  6=  1.  These  area! 
reasonable  suf^)o»tions.  Substituting  these  values  i 
formula,  we  have  attr^  of  A  :  attr^  of  B  =  1  :  100 
nearly ;  and  therefore  when  the  needle,  when  placed 
magnet,  vibrates  by  its  polarity  as  fast  as  it  does  by  n 
magnetism,  its  tendency  toward  that  magnet  must  be 
gether  insensible;  for  the  disproportion  is  inodmp 
greater  than  that  of  1  to  1000,  in  the  laigest  mi^gneti 
which  we  can  make  experiments.  Observe  abcH  tfai 
have  taken  the  case  where  the  attractions  are  the  ibro 
viz.  when  the  magnet  C  is  placed  in  the  axis  of  A  or  1 
the  oblique  pouUons,  tangents  to  the  magnetic  curvt 
attractions  are  smaller,  almost  in  any  ratio. 

We  took  the  inverse  ratio  of  the  distances  for  the 
action,  only  because  the  analysis  was  very  simple.  It  i 
evident,  that  the  disproportion  will  be  still  more  rema 
if  the  action  be  inversely  as  the  square  of  the  distano 
The  objection  therefore  to  the  origin  of  the  polarity 
compass  needle,  and  of  all  other  magnets,  namely,  the 
of  a  great  magnet  contained  in  the  earth,  appears  plai 
be  of  no  force.  We  rather  think  that  the  want  of  all 
ble  attraction,  where  there  is  a  brisk  polarity,  is  a  pr 
the  justness  of  the  conjecture;  for  if  the  compass  needl 
arranged  by  the  action  of  magnetic  rocks,  or  even  ext 
strata,  near  the  surface  of  the  earth,  the  attractions  ' 
bear  a  greater  proportion  to  the  polarities.  We  have 
observed  this.  A  considerable  mass  of  magnetic  stratui 
found  to  derange  the  needle  of  a  surveyors  theodolit 
considerable  distance  all  around  (about  140  yards), 
writer  placed  the  needle  on  a  thin  lath,  which  just  floi 


MAGNETISM.  305 

Qii  water  in  a  large  wooden  dish,  and  set  it  in  a  place  whore 
it  was  drawn  about  15  degrees  from  the  magnetic  meridian. 
It  was  left  in  that  situation  a  whole  niglit,  well  defended 
from  the  wind  by  a  board  laid  on  the  dish.  Next  morning 
it  was  found  applied  to  that  side  of  the  dish  which  was 
nearest  to  the  disturbing  rocks.  It  had  moved  about  six 
inches.  This  was  repeated  three  times,  and  each  time  it 
moved  in  the  same  direction  (nearly),  which  differed  con* 
siderably  from  the  direction  of  the  needle  itself. 

It  is  now  plain  tliat  we  may,  with  confidence,  assume 
Dr.  Gilbert^s  theory  of  terrestrial  magnetism  as  sufficiently 
established.  And,  since  we  must  certmnly  call  that  the 
north  pole  of  the  great  magnet  which  is  situated  in  the 
northern  parts  of  the  earth,  and  since  those  poles  of  magiiets 
which  attract  each  other  have  opposite  polarities,  we  must 
say,  that  what  we  call  the  north  pole  of  a  mariner's  needle, 
or  of  any  other  magnet,  has  the  southern  polarity. 

307.  We  may  now  venture  to  go  farther  with  Dr.  Gilbert, 
and  to  say  that  all  the  magnetism  which  we  observe,  whether 
in  nature  or  art,  is  eitlier  the  immediate  or  the  remote  effect 
of  the  action  of  the  great  magnet.  As  soft  bars  soon  ac* 
quire  a  transient  magnetism  ;  as  hard  bars,  after  long  ex- 
posure, acquire  a  sensil>le  and  permanent  magnetism-««^e 
must  infer,  that  ores  of  iron,  which  are  in  a  state  fit  for  im- 
pFegnation,  must  acquire  a  sensible  and  permanent  magnetr 
ism,  by  continuing,  for  a  series  of  ages,  in  the  bowels  of -the 
earth.  And  thus  the  magnetism  of  loadstones,  which,  till 
the  discovery  of  the  natural  magnetism  acquired  by  positiaa, 
were  the  sources  of  all  our  magnetical  phenomena,  is  now 
proved  to  be  a  necessary  consequence  of  the  existence  and 
agency  of  a  great  magnet  contained  in  the  bowels  of  the 
earth. 

308.  It  seems  to  result  from  this  theory,  that,  in  these 
northern  parts  of  the  world,  that  part  of  every  natural  load- 
stone that  is  at  the  extremity  of  the  line  drawn  through  the 
stone  in  the  magnetic  direction  should  be  ita  pole ;  and  that 
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the  loadstone,  when  prjperly  poised,  should  of  itself  assume 
the  very  position  which  it  had  in  the  mine.  Dr.  Gilbert  com- 
plains of  the  inattention  of  miners  (mdt  homimtm  gtnna^  lu- 
era  potius  quamphfnca  comuknUiJ  to  diis  important  circum- 
stance.   Once,  however,  he  had  the  good  fortune  to  be  ad- 
yertised  of  a  great  magnetic  mass  lying  in  its  matrix.     He 
lepured  quickly  to  the  mine,  examined  it,  and  marked  its 
points  which  were  in  the  extremities  of  the  magnetic  line. 
When  it  was  detached  from  its  matrix,  he  had  the  pleasure 
of  finding  its  poles  in  the  very  places  he  expected.    The 
loadstone  was  erf* considerable  size,  weighing  about  80  pounds. 
-^Mr.  Wilcke  pves  in  the  Swedish  Commentaries  several 
instances  of  the  same  kind. 

But  should  this  always  be  the  case  ?  By  no  means.  There 
are  many  circumstances  which  may  give  the  magnetism  of  a 
loadstone  a  very  different  direction.    We  have  found,  that 
simple  juxtaposition  to  a  magnet  will  sometimes  give  a  suc- 
DBSiion  of  poles  to  a  long  bar  of  hard  steel.    The  same  thing 
may  happen  to  an  extensive  vein  of  magnetisable  matter. 
The  loadstone  taken  out  of  this  vein  may  have  been  placed 
like  that  of  a  soft  bar  placed  in  the  magnetic  line,  if  lying 
in  one  part  of  the  vein ;  if  taken  from  another  part  of,  its 
pcdarity  may  be  the  very  reverse ;   and  in  another  part  it 
may  have  na  magnetism,  although  completely  fitted  for  ac- 
quiring it     It  may  have  its  poles  placed  in  a  direction  dif- 
Avent  from  all  these,  in  consequence  of  the  vicinity  of  a 
greater  loadstone.  As  loadstones  possessed  of  vigorous  mag- 
netism are  always  found  only  in  small  pieces,  and  in  pieces 
of  various  sizes  and  force,  we  must  expect  every  position  of 
thdr  poles.     The  only  thing  that  we  can  expect  by  theory 
is,  that  adjoining  loadstones  will  have  their  friendly  poles 
turned  toward  each  other,  and  a  general  prevalence  of  or 
tendency  to  a  polarity  symmetrical  with  that  of  the  earth. 
The  reader  will  find  some  more  observations  to  this  purpose 
in  the  article  Variation,  in  the  Appendix  to  this  disser- 
tation,  as  also  in  Gilbert^s  treatise,  B.  III.  c  9*  p*  ISl. 
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Nor  should  all  strata  or  masses  of  iron  ore  be  magneti- 
cal.  We  know  that  none  are  susceptible  of  induced  mag* 
netiscn,  but  such  as  are,  to  a  certain  degree,  in  the  metallk 
state:  Such  ores  are  not  abundant.  Nay,  even  all  of  such 
strata  do  not  necessarily  acquire  magnetism  by  the  action  of 
the  great  magnet  If  their  principal  dimensions  lie  nearly 
perpendicular  to  the  magnetic  direction,  they  will  not  a^ 
quire  any  sensible  quantity.  A  stratum  in  this  couotry^ 
rising  about  17  degrees  to  the  N.  N.  W.  vdll  scarcely  ac- 
quire magnetism.  It  may  also  happen,  that  the  influence 
of  the  great  magnet  is  counteracted  by  that  of  some  exten* 
sive  stratum  inaccessible  to  ipao,  by  reason  of  lit  great 
depth. 

S09.  Thus  we  see  that  all  the  appearances  of  the  oi:ipnal 
magnetism  of  loadstones  are  perfectly  consistent  with  the 
notion  that  they  are  e|rects  of  one  general  cosmical  cause, 
the  action  of  the  great  magnet  contained  in  the  earth,  and 
that  there  is  no  occasion  to  suppose  this  great  magnet  to 
differ,  in  its  constitution  or  manner  of  action,  from  the  small 
masses  of  similar  matter  called  loadstone.  The  only  diflS- 
culty  that  presents  itself  is  the  great  superiority  of  magne- 
tic force  observable  in  some  loadstones  over  other  masses  of 
ores  circumjacent,  which  are  not  distinguishaUe  by  us  by 
any  other  circumstance.  We  acknowledge  ourselves  unable 
to  solve  this  difficulty  ;  for  the  magnetism  of  such  pieces  is 
sometimes  incomparably  stronger  than  what  a  bar  of  iron 
acquires  by  position ;  yet  this  bar  is  much  more  susceptible 
than  the  ores  which  are  fit  for  becoming  loadstones  Vet^ 
flaps  there  is  some  chemical  change  which  obtains  gradually 
in  certain  masses,  which  aids  the  impregnation,  in  the  sane 
way  tliat  we  know  that  being  red  hot  destroys  all  nu^gnai- 
isro,  whether  in  a  metal  bar  or  in  an  ore,  This  seema  to 
be  confirmed  by  what  we  see  in  some  old  iron  staochioiis^ 
which  acquire  the  strongest  magnetism  in  those  parts  of 
their  substance  which  are  combining  themselves  witli  iagra- 
dientB  floating  in  the  atmosphere.    That  part  which  is  oMed 

in  tfat  stone,  and  exfisliatei  and  splits  with  ruat^  being  ooo- 
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verted  into  aomething  like  what  is  called  finery-cind 
conies  highly  and  permanently  magnetic  Such  pe 
ties  as  these,  operating  for  ages,  may  allow  a  degree 
netical  impregnation  (in  whatever  this  may  connst) 
place,  to  which  we  can  see  no  resemblance  in  our 
ments.  It  would  be  worth  while  to  place  iron  wi 
tube  in  the  magnetic  direction,  which  could  be  kc 
proper  red  heat,  while  it  is  converted  into  sethiops  b; 
It  b  not  unUkely  that  it  would  acquire  a  sennble  f 
manent  magnetism  in  this  way.  It  may  be,  that  1 
atoms,  as  they  arrange  themselves  in  a  sort  of  cry^ 
symmetrical  form,  may  also  arrange  so  as  to  favour  i 
ism.  Were  this  tried  in  the  vicinity  of  a  strong 
the  effect  might  be  more  remarkable  and  precise.  I 
too,  while  iron  is  precipitated  in  a  metallic  form  froi 
lutions  by  another  metal,  something  of  tlie  same  Id 
happen.  We  know,  that  proper  ores  of  iron,  ex 
cementation  in  a  low  red  heat,  in  the  magnetic  direc 
come  magnetic. 

310.  Notice  has  been  taken  in  the  Appi-ndix. 
variation  of  the  Compass,  of  the  attempts  of  ii 
men  to  explain  the  change  which  is  observed  in  i 
of  the  globe,  on  the  direction  of  the  maniier''s  nee 
gradual  change  of  the  variation.  The  hypothesis 
Halley,  that  the  globe  which  we  inhabit  is  holl 
incloses  a  magnetic  nucleus,  moving  round  anothe 
not  inconsistent  with  anv  natural  law,  if  he  did  not 
the  interval  filled  up  with  some  fluid  The  actioi 
nucleus  and  shell  on  the  intervening  fluid,  would  g 
bring  the  two  to  one  common  motion  of  rotation,  as 
inferred  from  the  reasonings  employed  by  Newton  i 
marks  on  the  Cartesian  vortices. 

Leaving  out  this  circumstance,  there  is  only  anoti 
which  can  affect,  and  must  affect  the  rotation  of  botl 
ly,  the  mutual  action  of  the  magnetic  nucleus, 
masses  of  magnetic  matter  in  the  shell.     If  the  axic 
tion  of  this  nucleus  be  ^Ufierent  from  the  line  jo 
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magnetic  poles,  these  poles  will  have  a  motion  relative  to 
the  shell ;  and  this  moUon  may  easily  be  oonceiyed  such  as 
will  produce  the  changes  of  magnetic  direction  which  we 
observe.  It  may  even  produce  a  motion  of  the  northern 
magnetic  pole  in  one  dii^ecUon,  and  of  the  southern  pole  in 
the  opposite  directbn,  and  this  with  the  appearance  (^di£> 
ferent  periods  of  rotation,  as  supposed  by  Mr.  Churchman. 
Wc  may  here  observe,  by  the  way,  that  the  change  of  mag^ 
netic  direction  in  this  country  is  not  nearly  so  great  as  is 
commonly  imagined.  The  horizontal  needle  has  shifted  its 
position  about  35*  at  London  since  1565 ;  but  the  point  of 
the  dipping  needle  has  not  changed  J  Oo.  We  may  also  ob- 
serve,  that  when  the  pole  of  the  central  miagnct  changes  its 
place,  the  magnetism  of  an  extensive  stratum,  influenced  by 
it,  may  so  alter  its  disposition,  as  to  change  the  poation  of 
the  compass  needle  in  the  opposite  direction  to  that  of  the 
change  which  the  central  magnet  alone  would  induce  on  it 
But  as  motions  have  not  yet  been  assigned  to  this  nu- 
cleus, which  quadrate  with  the  observed  positions  of  the 
needle,  and  as  the  very  existence  of  it  is  hypothetical,  it  may 
not  be  amiss  to  examine,  whether  such  a  change  of  variation 
may  not  be.  explained  by  what  we  know  of  the  laws  of  mag- 
netism, and  of  the  internal  constitution  of  this  earth? 

1.  It  is  pretty  certain,  that  the  veins  in  which  loadstones 
are  found  are  not  parts  of  the  great  magnet.  This  appears 
firom  their  having  two  poles  while  in  the  mine,  and  also  fixxn 
the  very  small  depth  to  which  man  has  been  able  to  pene- 
trate. When  we  compare  the  posidons  of  the  dipping  needle 
with  those  of  a  small  needle  near  a  magnet,  we  must  infer, 
that  the  poles  are  very  far  below  the  surface. 

Yet  we  know,  that  there  are  magnetisable  strata  of  very 
great  extent  occupying  a  very  considerable  portion  oPthe 
external  covering.  Though  their  bulk  and  absolute  power 
may  be  small,  when  compared  with  those  of  the  great  mag- 
net, yet  their  greater  vicinity  to  the  needles  on  which  obser* 
vations  are  made,  may  give  them  a  very  sensible  influence. 
In  this  way  may  a  great  deal  of  the  observed  irregularities 
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of  the  positions  of  the  needle  be  aooounted  for.    I9  the  Lft- 

goon  at  Tenerifie,  Feuille  obsenred  the  variation  13«  80* 

west  in  1724,  while  at  the  head  of  the  island  it  was  only  &* 

The  dip  at  the  Lagoon  was  63"^  30',  greatly  surpassing  vha 

was  observed  in  the  neighbourhood.     Muller  fbuud,  in  tb 

mount^ns  of  Bohemia,  great  and  desultory  differences  of  de 

clination,  amounting  sometimes  to  50^.     At  Mfuitua,  tb 

variation  in  1758  was  12«  ;  while  at  Bononia  and  Brisk  i 

was  nearly  18^.     Great  irregularities  were  obaerred  b 

Croete  in  the  Gulph  of  Finland,  especially  near  the  isIm 

of  Sussari,  among  some  rocks :  on  one  of  these,  the  nosd 

shewed  no  polarity.     Captain  Cook  and  Captain  Piup 

observed  differences  of  10^ ,  extending  to  a  considerable  i 

tance,  on  the  west  coasts  of  North  America.     In  the  neig 

bourfaood  of  the  island  Elba  in  the  Mediternumam  the  [ 

sition  of  the  needle  is  greatly  affected  by  the  irenk  itrala» 

wliich  that  island  so  mudi  abounds.   In  this  country,  thi 

are  also  observed  small  deviations,  which  extend  over  0 

siderable  tracts  of  country,  indicating  a  great  extent  of  sti 

that  are  weakly  magnetic.      Since  such  strata  receive  tl 

magnetism  by  induction,  in  a  manner  aunilar  to  a  bar  of  h 

steel,  and  since  wc  know  that  this  receives  tt  graduslly 

may  very  probably  happen,  that  a  long  series  of  years  jd 

elapse  before  the  magnetism  attains  its  ultimate  disposi^ 

Here,  then,  is  a  necessary  change  of  the  magnetic  di 

tion;  and  although  it  may  be  very  different  in  diffin 

places,  according  to  the  disposition  and  the  power  of  tl 

strata,  tlierc  must  be  a  general  vergency  of  it  one  way. 

2.  It  is  well  known  that  all  metals,  and  particularly  h 
are  in  a  progress  of  continual  production  and  demetall 
tion.  The  veins  of  metids,  and  more  particularly  thofii 
iron,  are  evidently  of  posterior  date  to  that  of  the  tofk 
which  they  are  lodged.  Chemistry  teaches  us,  by  the  1 
nature  of  the  substances  which  compose  tliem,  thmt  Ihey 
in  a  state  of  continual  change.  This  is  another  caua 
change  in  the  magnetic  direction.  Nay,  we  know  that  s 
of  them  have  suddenly  changed  their  situation  by  es 
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quakes  iiid  volcanoes.  Some  of  the  streams  of  lata  from 
Vesuvius  and  iStna  abound  in  iron.  This  has  greatly  chan- 
ged lis  situation ;  and  if  the  strata  from  which  it  proceeded 
were  magnetical,  the  needle  in  its  neighbourhood  must  be 
affected.  Nay,  subterranean  heat  alone  will  effect  a  change, 
by  changing  the  magnetism  of  the  strata.  Mr.  Liev<^,  royal 
astronomer  at  Bessestedt  in  Iceland,  writes,  that  the  great 
eruption  from  Hecla  in  1783,  changed  the  direction  of  the 
needle  nine  degrees  in  the  immediate  neighbourhood.  This 
change  was  produced  at  a  mile^s  distance  from  the  frozen 
lava ;  and  it  diminished  to  two  degrees  at  the  distance  of  Sy 
miles.  He  could  not  approach  any  nearer,  on  account  of 
the  heat  still  remaining  in  the  lava,  after  an  interval  of  14 
months. 

All  these  causes  of  change  in  the  direction  of  the  marin^^s 
needle  must  be  partial  «id  irregular.  But  there  is  another 
cause  which  is  oosmioal  and  universal.  Dr.  Halley'*s  sup- 
pnition  of  four  pedes,  or,  at  least,  the  supposition  of  irregu- 
lar and  Afiused  poles,  seems  the  only  thing  that  will  agree 
with  the  observations  of  dechnatioli.  We  know  diat  all  mag- 
netism of  this  kind  (that  is,  disposed  in  this  manner)  has  a 
natural  tendency  to  change.  The  two  northern  poles  may 
have  the  same  or  opposite  polarities.  If  they  are  the  same, 
their  action  on  each  other  tends  to  diminish  the  general  mag- 
netism, and  to  cause  the  centre  of  effort  to  approach  the 
centre  of  the  magnet  If  they  have  oppodte  polarities,  the 
contrary  effect  will  be  produced.  The  general  magnedsm 
of  each  will  increase,  and  the  pole  (or  its  centre  of  effort) 
will  approach  to  the  surfaces  In  either  of  these  cases,  the 
compound  magnetism  of  the  whole  may  change  exceeding^ 
ly,  by  a  change  by  no  means  considerable  in  the  magnetism 
of  each  pair  of  poles.  It  b  difficult  to  subject  thb  to  egiea^ 
lation ;  but  the  reader  may  have  very  convincing  proof  of  it, 
by  tijung  a  strong  a|ula  weidcer  magnet  of  the  same  length, 
and  one  of  them,  at  least,  of  steel  not  harder  than  sprmg 
temper.    Lay  them  across  taeh  other  like  an  acute  fettat 
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X;  and  tlicn  place  a  compass  needle,  so  that  its  plane  of  ro« 
tation  may  be  perpendicular  to  the  plane  of  the  X.  Note 
exactly  the  position  in  which  tlie  needle  settles.  In  a  few 
minutes  after,  it  will  be  found  to  change  considerably,  al- 
though no  remarkable  change  has  yet  happened  to  the  mag- 
nets tlicmselves. 


311.  We  flatter  ourselves,  that  our  readers  will  grant  that 
the  preceding  pages  contain  what  may  justly  be  called  a 
theory  of  magnetism,  in  as  much  as  we  have  been  able  to  in- 
clude every  phenomenon  in  one  general  fact,  tlie  induction 
of  magnetism ;  and  have  given  such  a  description  of  that 
fact  and  its  modifications,  that  we  can  accurately  predict 
what  will  be  the  appearances  of  magnets  and  iroB  put  into 
any  desired  situation  with  respect  to  each  other. 

But  it  is  not  easy  to  satisfy  human  curiosity.  Men  have 
even  investigated,  or  sought  for  causes  of  the  perseverance 
of  matter  in  its  present  condition.  We  have  not  been  con* 
tented  with  Newton's  theory  of  the  celestial  motions,  and 
have  sought  for  the  cause  of  that  mutual  tendency  whidi  he 
called  gravitation,  and  of  which  all  the  motions  are  particu- 
lar instances. 

Philosophers  have  been  no  less  inquisitive  after  what  may 
be  the  cause  of  that  mutual  attraction  of  the  dissimilar  poles, 
and  the  repulsion  of  the  similar  poles,  and  tliat  faculty  of 
mutual  impregnation,  or  excitement.  Which  so  remarkably 
distinguish  iron,  in  its  various  states,  from  all  other  substan- 
ces. I'he  action  of  bodies  on  each  other  at  a  distance,  has 
appeared  to  them  an  absurdity,  and  all  have  had  recourse 
to  some  material  intermedium.  The  phenomenon  of  the  ar- 
rangement of  iron  filings  is  extremely  curious,  and  natural- 
ly engages  the  attention.  It  is  hardly  possible  to  look  at  it 
without  the  thought  arbing  in  the  mind  of  a  stream  issuing 
fi  om  one  jx)le  of  the  magnet,  moving  round  it,  entering  by 
the  otlier  pole,  and  again  issuing  from  the  former  outlet. 
^Accordingly,  tliis  notion  has  been  entertained  from  the  ear- 


MABIUTIIM. 


ycultista  have  had  diSermt  ways 
■hiw  tUiatnMn  operated  the  effecUwbicli  we 


i  Moit  obvious  was  jtut  to  maks  it  act  Uke 

D'affliudmatto',  byimpulBon.   ImpoUoii 

tl  at  bf  all  the  ^wcnlatuts.    They  have  a 

fldliDn;  timt  we  conceive  tliii  my  erf* commuiiitetuig  motioa 

*'th  inluiuvc  clramesG,  and  that  a  thing  u  fully  explained 

"'henitoii  be  ahewn  that  it  is  a  case  of  impalsion.      We 

'uvv  comidered  the  authority  of  these  explaaatbua  in  the 

,      articie  lunrtaioN,  in  the  SigipL  to  the^M^K''  BrU.  add  ' 

I      DccxJ  not  repeat   our  reascns  for  refusbg  it  any  pt»- 

'"^■XK'noc.      But  even    when  we  have  shewn  the  pbeoo* 

B)«na  to  be  cases   of  impulnon  by  such  a  stream,  the 

^''v^oun  <tilficulty,    tlic  meat  cuiious  and   the  moat  aii> 

,    "^-s-iaMing,  is   to  ascertain  the  souices  of  this  impuIsiTe 

''^^ition  of  the  Sutd — How,  and  from  what  cause  does  it 

"*>giD?    What  forces  bend  it  in  curves  round  the  mag- 

'^^^t?  Tboee  philosophers,   whose  prindple  <4iliges  them 

^^  explain  ^vilation  also  fay  impulse  must  have  another 

*^*eam  to  impel  this  into  its  curves.      Acting  by  impul* 

^*^»ii,  thti  ntagnvtic  eiream  must  lose  a  quantity  of  ino- 

AiMJwhatit  oommunicates.      What  is  to  restore 

I  it  in  a  particular  course  through  ^e 

I- what  is  it  that  can  totally  alter  that  course 

n  all  the  phenomena  of  induced  mognet- 

oea  it  impel  ?  Lucretius,  either  of  himself,  ae 

r  the  Greek  jAUost^hers,  makes  it  impd,  not 

i  tht  iumnmding  air,  sweeping  it  out  of  the 

OS  giving  occasion  for  the  surrounding  air  to 

1  the  magnet,  and  to  huiry  the  tuts  of  iron  to- 

•There  is,  periiaps,  more  ingenious  refinement  in 

Igfat  than  in  any  d'the  impulsive  tHeoiies  adopted 

%p.fcii.ifay  bj  Des  Cartes,  Euler,  and  other  great  ^o* 

^g^l|.  Bat  it  is  Mgadously  remarked  by  D.  Gngofry,  in 

>^W8  aoMi  oa  Newton,  that  this  theory  of  Lucretius  &I1b 

4ii^fl*MBd;  because  the  experiments  succeed  just  as  well 

ndor  mtcr  as  in  the  air.     As  to  the  explanations,  or  dc- 
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sGriptioDfy  of  the  canals  and  their  dobk  gates^  eyningJaaM 
(UKetkm,  and  shutting  in  the  other,  oonstnietioDa  tlMtot 
dianged  in  an  instant  in  a  bar  of  iron,  by  changing  the  p* 
sdtion  of  the  magnet,  we  only  wonder  thai  men,  vfaohavta 
reputation  to  lose,  should  ever  hacard  such  crude  aad  uBr 
mechtfnical  dreams  before  the  public  eye.  The  mindsf  mn 
cannot  conceive  the  possibility  of  their  ftnnatimi ;  «i  tf 
they  are  really  formed,  the  effects  should  be  the  ^ 
»te  of  those  that  are  observed :  the  stream  shoutd*i 
bodies  least  which  afford  ready  channels  for  itspasniga.  If  ^^ 
ragof  iron  filings  be  arranged  by  the  impulsion  of  audi  mttamm^ 
it  should  be  carried  along  by  it ;  and  if  it  is  uqkU  tmatt^ 
one  end  of  the  magnet,  it  should  be  impelled JttiM  Ibe  edior 
end.    Since  we  now  know,  that  each  partide  of  filmgs  is  a 
momentary  magnet,  we  must  allow  a  similar  stMUA  whirl- 
ing round  each.    Is  that  an  explanation,  whid  ODNeds  ail 
power  of  oonc^ion  ? 

But  has  it  ever  been  shewn,  that  there  is  aaj  impwlrian 
at  all  in  these  phenomena  ?  Where  is  the  impeHmg  sd>- 
stance  ?  The  only  argument  ever  offered  for  its  easlsMa  ii^ 
that  we  are  resolved  that  the  phenomena  of  mi^^neCism  shall 
be  produced  by  impulsion,  and  the  arrangement  of  mm  fil- 
ings looks  somewhat  like  a  stream.  But  enough  of  this.  We 
trust  that  we  have  diewn  the  way  in  which  this  arnmgemcBt 
obtains  in  the  clearest  manner.  Every  particle 
magnetic  by  induction.  This  is  a  fact,  which  sets  all 
soning  at  defiance.  The  polarity  of  each  rag  is  so  disposed 
that  th«r  adjcnning  ends  turn  to  each  other.  This  is  ano- 
ther uncontrovertible  fact  And  these  two  facts  exphun  Ae 
whole.  The  arrangement  of  iron  filings,  therefore,  is  a 
secondary  fact,  depending  on  principles  more  general;  and 
tlierefore  cannot,  consistently  with  just  logic,  be  assumed  as 
the  foundation  of  a  tlieory. 

Had  magnetism  exhibited  no  phenomena  besides  the  at- 
traction and  repulsion  of  magnets,  it  is  likely  that  we  should 
not  have  proceeded  very  far  in  our  theories,  and  would  have 
contented  ourselves  with  reducing  these  phenomena  to  their 
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most  geaeral  lairs.    But  the  oommunication  of  magnetism 
seems  fi  "great  mystery.    The  ample  approach  of  a  magnet 
communicates  these  powers  to  a  piece  of  mm ;  and  this  with* 
out  any  diminution  of  its  own  powers.    On  the  contrary^ 
be^ning  with  magnets  which  have  hardly  any  sen^ble  pow- 
er, we  csn,  by  a  proper  alternation  of  the  manipulatioiia, 
communicate  the  strongest  magnetism  to  as  many  hard  steel 
bars  as  we  please ;  and  the  original  magnets  shall  be  brought 
to  their  higliest  degree  of  magnetism.    We  have  no  notion 
of  powers  or  fiiicultiesi  but  as  qualities  of  some  substances  in 
which  tiiey  are  inherent     Yet  here  is  no  appearance  of 
something  abstracted  from  one  body,  and  communicated  to^or 
shared  with  another.  The  process  is  like  kindling  a  great  fire 
by  a  simple  spark:  hereis  no  communication,  but  only  oocaniMi 
given  to  the  exertion  of  powers  inherent  in  the  combustible 
matter.     It  appears  probable,  that  the  case  is  the  same  in 
magnetism ;  and  that  all  that  is  performed  in  making  a  mag- 
net is  tbe  excitement  of  powers  already  in  the  steel,  or  the 
giving  dxa^itm  fi>r  tlieir  exertions ;  as  burning  the  thread 
whifih  ties  logetber  tbe  two  ends  of  a  bow,  allows  it  to  ui^ 
bend.    This  notion  did  not  escape  the  sagacity  of  Dr.  Gil- 
bert ;  and  he  is  at  much  pains  to  shew,  that  the  coitio  vug' 
neiica  is  a  quality  inherent  in  all  magnetical  bodies,  and  on- 
ly requires  the  proper  circumstance  for  its  exertion.     He  is 
not  very  fortunate  in  his  attempts  to  explain  how  it  is  deve- 
loped by  the  vicinity  of  a  magnet,  and  how  this  faculty,  or 
actual  exertion  of  this  power,  becomes  permanent  in  one 
body,  while  in  another  it  requires  the  constant  presence  <rf* 
the  magnet. 

It  is  to  Mr.  iEpinuB,  of  tbe  Imperial  Academy  of  St. 
Petersburgb,  that  we  are  bdcbted  for  the  first  really  philo- 
sophical attempt  to  explain  all  these  mysteries.  We  men- 
tioned, under  Electricity,  the  circumstance  whiek  sug- 
gested the  first  hint  of  this  theory  to  iBpinus,  our.  the  re- 
semblance betwem  the  attractions  and  repulsiciiii  of  the 
tourmaline  and  of  a  magnet    A  material  cause  of  the  elec- 
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trie  phenomena  had  long  been  thought  familiar  to  thefliik): 
^phers.     They  had  attributed  them  to  a  fluid  wUdi  dief 
called  an  electric  fluid,  and  which  thej  conceived  tobethnel 
among  bodies  in  different  proportions,  and  to  be  tnuufienUe 
from  one  to  another.     Dr.  Franklin's  theory  of  the  Lejdeft 
phial,  which  led  him  to  think  that  the  faculty  of  prodiidii{g 
Uie  electrical  phenomena  depended  on  the  deficiency  ai  well 
as  the  redundancy  of  this  fluid,  combined  with  thephcD»^ 
mcna  of  induced  electricity,  su^ested  to  iBpinus  a  ver  j  per* 
spicuous  method  of  stating  the  analogy  of  the  tourmaline  in» 
the  magnet ;  which  he  published  in  1758  in  a  paper  icmI  tjtP 
the  academy. 

Reflecting  more  deeply  on  thebe  things,  Mr.  ^pinuseam^^ 
by  degrees  to  perceive  the  perfect  similarity  between  all  tfac^ 
phenomena  of  electricity  by  position  and  those  of  magnet- 
ism ;  and  tliis  led  him  to  account  for  them  in  the  wmemin*' 
ner.  As  the  phenomena  of  the  Leyden  phial,  eiqpUned  in 
Franklin'^s  manner,  shews  that  a  body  may  appear  deetrical 
al>ovcr,  by  having  less  than  its  natural  quantity  of  theeko- 
tric  fluid,  as  well  as  by  having  more,  it  seemed  to  ibUow, 
that  it  may  also  be  so  in  respect  to  difiercnt  parts  of  the  same 
body ;  and  therefore  a  body  may  become  electrified  in  oppo^ 
site  ways  at  its  two  extremities,  merely  by  abstracting  the 
fluid  from  one  end,  and  condensing  it  in  the  other;  and 
thus  may  be  explained  the  phenomena  of  induced  electricity, 
where  nothing  appears  to  have  been  communicated  from  one 
body  to  the  other.  If  this  be  the  case,  tlie  two  ends  of  a 
body  rendered  electric  by  induction  should  exhibit  the  same 
distinctions  of  phenomena  that  are  exhibited  by  bodies 
wholly  redundant  and  wholly  deficient  The  redundant 
ends  should  repel  each  other ;  so  should  the  deficient  ends ; 
and  a  redundant  part  should  attract  a  deficient  All  these 
results  of  the  conjecture  tally  exactly  with  observation,  and 
give  a  high  degree  of  probability  to  the  conjecture.  The 
similarity  of  these  phenomena  to  the  attractions  of  the  disn- 
milar  poles  of  a  magnet,  and  the  repulsions  of  the  similar 
polr.>,  is  so  striking,  that  the  same  mode  of  explanation, 
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oiMtiMrif  OB  the  mind,  and  led  Mr.  Mfiam  to  think,  that 
iNtM^t'tf  flfocliKiiig  the  magnctical  ftuaoaem  beki^ 
A  fluid,  rending  in  all  bodies  auaeep^tle  of 
r  vd  that  the  exertioD  of  tbii  fiwulty  requires  ao> 
~  n  of  the  fluid  from  one  end  of  the 
,  aad  its  oautipalion  in  the  other.  And  this 
■eanfrinedbf  obserriDg,  that  in -the  induction 
ttiagnetism  on  a  piece  ut  iroD,  the  power  of  the  Dugnet  is 
t  dimiimbed. 

-All  these  circumstances  lech  Mr.  ^pinua  to  frame  the 
tniriDg  hj^thesis : 

1  ■  There  exisU  n  substance  iu  all  magnetic  bodies,  which 
^  be  called  the  magnetic  fluid ;  the  particles  of  which 
Id  each  other  with  b  force  decreaung  as  the  distance  it»- 

8L  3Sm  ymkkt  of  magnetic  fluid  attract,  and  are  au 
MliA<lir!li*i^s6cIes  of  iron,  with  a  force  that  varies  ac- 


&i>93l9(fN4Mp  of  iron  repel  each  other  according  to  the 

fliiqSIW!BMI|^Hlic  fluid  moves,  without  any  conaiderabls 
b  the  pives  of  ircm  and  soft  steel ;  but  is 
e  ^>bstructed  in  its  motion  as  the  steel  is  tcm- 
aod  in  hard  tempered  steel,  and  in  the  ores 
^-h-ia  tnored  with  the  greatest  difficulty. 

e  of  this  supposed  attraction  for  iron,  the 
f  be  iDontaincd  in  it  in  a  certain  determinate  qoanti- 
L'^iia  quantitj  will  be  such,  that  the  accumulated  at- 
wttn  of  a  particle  for  all  the  iron  balances,  or  is  equal 
lllla  npiiliiiiin  of  all  the  fluid  which  the  iron  contains. 
kftiqtMHitity  of  fluid  competent  to  a  partide  of  iron  u 
Htpved  to  be  nich,  that  the  repulami.  exerted  between 
tti.Ao  fluid  comp4ant  to  aootheir:  particle  of  iroa  is 
H'mjtwl.jtrt'itn  attnotiim  for  that  particle  of  iron:  And 
iffcp^  Ahe  attraetim  between  the  fluid  in  an  iroo  bar  A 
^Awjipwi  «f  toother  ban!  B,  is  just  equal  to  its  repulsion 
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for  the  fluid  in  B ;  it  is  also  equal  to  the  repoUo 
mo  in  A  for  the  iron  in  B.  This  quantity  of  fluid 
in  the  iron  may  becallad  iu  natural  tuAXTiTT- 

In  oonseqence  of  the  mobility  through  the  pen 
lion,  the  nagnetio  fluid  may  be  abstracted  from 
of  a  bar,  and  condensed  in  the  other,  by  the  age 
proper  external  force.  But  this  is  a  Tiolent  stal 
mutual  repulsioQ  uf  the  particles  of  condensed  fl 
the  attraction  of  the  iron  which  it  has  quitted,  tcnc 
duce  a  more  uniform  distribution.  If  we  reflect  oi 
of  action,  we  shall  clearly  parceive,  that  somewfai 
tendency 'must  obtain  in  every  state  of  condense 
rarefaction,  and  that  there  can  be  a  perfect  cqu 
only  when  the  fluid  is  diffused  with  perfect  uni 
This,  therefore,  may  be  called  the  natukal  stat 
iron. 

If  the  resistance  opposed  by  the  iron  to  the  motii 
magnetic  fluid  be  like  that  of  perfect  fluids  to  the  s 
solid  bodies,  arising  entirely  from  the  communic 
motion,  there  is  no  tendency  to  unifocm  diffusion 
as  not  to  overcome  such  resistance,  and  finally  to 
this  uniform  distribution.  But  (as  is  more  probaU 
obstruction  resembles  that  of  a  clammy  fluid,  or 
plastic  body  like  clay,  some  of  the  accumulation,  ] 
by  the  agency  of  an  external  force,  may  remain  y 
force  is  removed ;  'tlie  diffusion  will  cease  when 
equalising  force  is  just  in  equilibrio  with  the  obstnu 

All  the  preceding  circumstances  of  the  hjrpotbei 
perfectly  analogous  to  the  hypothesis  of  Mr.  JEi 
explaining  the  electrical  phenomena,  which  is  giv( 
tail  under  BLSCTaictTY,  that  it  would  be  super 
enter  into  a  minute  discussion  o(  their  immediate 
We  therefore  beg  the  reader  to  peruse  that  part  of  tl 
Electrieity  where  the  elements  of  iGpinus's  hypot 
delivered,  and  the  phenomena  of  induced  electrici^ 
ed  (m.  from  §  II.  to  QP.  inclusive),  and  to  sup 


damme  to  mI^  ia  the  magHrtmtl  fluid.  Let  N,  &i  a,  1^ 
be  convdered  as  the  overchti(g«l  nd  Hadtfriurgbd  piiU  at 
1  mtgneiical  body,  or  the  pski  of  a  nMgMt,  ani  of  itdB 
mdered  magnctical  by  induotiaii.  Wb  riaU  omAmo  am 
sbiervatioai  in  thU  ptaco  to  thwB  dMuullMDM  ill  wkUl 
liffi  mechanical  |)henomena  of  Bagnotin  an  limited  hf  dw 
iteuniuanoe,  that  nn^ets  alwa^  aBbtaiii  tbMr  BUttnl 
luuiAy  of  fluid;  so  that  ih«r  aoiiaa  on  irao,  and  a  MA 
tbtt,  (tepends  entirely  on  itd  atteqnifab  Aitribotini ;  m  ta 
9CBU  with  inducetl  clcctrii^y. 

p».  lot  ifae  magnet  NAS  (PIUB IV.  6g.  19.),  hating  its 
MipcdeNAovercharged.bilHt  near  to  tha  barn  b*4f 
ibnon  iron,  asd  let  their  axea  (eaa  oat  atnight  Una.  thmt 
Mn  the  cue  of  electrics)  At  onnharged  pole  NA  aeti 
■Hk  bar  B  only  by  mean*  of  the  ndondnt  fluid  wHA 
~  w  ^M  portion  of  itj  fioid,  wbkJt  is  juit  saf- 
l  Uie  moy  will  mpA  the  fluid  in  B  juit 

•  llkJktB  in  NA  attracto  it ;   and  tbcrafote  the 

■  noehai^  from  this  portioo  of  the  fluid 

-,  tba  pde  SA  actt  on  B  only  in 

B'Sf  dc  iron  in  8 A,  which  ii  not  saturated  or 
I  liy  ito  o^nivalent  fluid. 
^El^  ftiid  in  B  i»  immoveable,  even  the  redundant  fluid 

I  the  radundant  iron  in  SA,  will  produce  no 
:  For  every  particle  of  iron  in  B  ii  ac- 
Mh^HitA  fay  a>  nrad)  fluid aa  will  balance,  by  its  rqnilnoiw 
MlaUWLlium,  the  attnetioni  and  repulsioas  of  the  equi- 
irtlMt  particle  of  iron.  Bnt  as  the  magnctical  fluid  id  B  is 
iMHlri  to  bo  eaaly  monable,  it  will  be  repelled  by  the 
•■iut  flttd  iai  AN  toward  the  nnnote  extremi^  i^  till 
iMMMtanoe  that  it  aiaett  with,  jwned  to  ill  own  tendtttM^ 

I  diffbnoB,  Juat  balances  the  repuhien  of  AN. 
iidlbnn  diAinoD  (4>tains  as  soon  at  any 
iU^fytsitaphoe;  as  has  been  mJllasntly  explained  under 
Hmtueirti  1 16, 17. 

'''tM^  m  thp  t^m  luM,  dte  redundant  iran  In  AS  attracts 
lie  fluid  in  B,  and  would  abstract  it  fitnn  B  n,  and  condense 
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it  into  B  s.    This  attraction  opposes  the  rcguluon  now  nm* 
tioned.     But,  because  AS  is  more  remote  from  every  point 
of  B  than  AN  is  from  the  same  pointy  the  repulsions  of  the 
redundant  fluid  in  AN  will  prevail ;   and,  on  the  whole, 
fluid  will  be  propelled  toward  n,  and  will  be  rarefied  on  the 
part  B  5.     But  as  to  what  will  be  tl«e  law  of  distribotioOi 
both  in  the  redundant  and  deficient  parts  of  B,  it  is  pluQ 
that  nothing  can  be  said  with  preciuon.     This  must  dqpend 
on  the  distribution  of  the  fluid  in  the  magnet  NAS.    The 
more  difiiised  that  we  suppose  the  redundant  fluid  and  nut- 
ter in  the  magnet,  the  farther  removed  will  the  oentvei  of 
efibrt  of  its  poles  be  from  their  extremities ;  the  smaller  will 
be  the  action  of  AN  and  AS,  the  smaller  will  be  tbdr  dif- 
ference of  action ;  and  therefore  the  smaller  will  be  the  con- 
densation in  B  n,  and  the  rarefaction  in  B  «.     Hence  we 
learn,  in  the  outset  of  this  attempt  to  explanation,  that  the 
action  of  a  magnet  will  be  so  much  the  greater  as  its  pob 
arc  more  concentrated.     This  is  agreeable  to  observatioDt 
and  gives  some  credit  to  the  hypothesis.     We  can  just  see, 
in  a  very  general  manner,  that  the  fluid  will  be  rarer  than 
its  natural  state  in  Sy  and  denser  in  n ;  that  the  change 
of  density  is  gradual,  and  that  the  density  may  be  represent- 
ed by  the  ordinates  of  some  line  c  ft  J,  (Plate  IV.  fig.  13-^ 
while  the  natural  density  is  represented  by  the  ordinat^^ 
to  the  line  C  6  D,  parallel  to  s  Ji.     There  will  be  some  poii^ 
B  of  the  iron  bar,  where  the  fluid  will  be  of  its  natural  dei^ 
sity,  and  the  ordinate  B  ft  will  meet  the  line  c  ft  d  in  th^ 
point  of  its  intersection  with  CD. 

All  this  action  is  internal  and  impercq)tible.  Let  us  in^-** 
quire  wiiat  will  be  the  sensible  external  action.  There  is  a^ 
superiority  of  attraction  towards  the  magnet :  For  since  the 
magnetic  action  is  supposed  to  diminish  continually  by  an 
increase  of  distance,  the  curve,  whose  ordinates  represent 
the  forces,  has  its  convexity  toward  the  axis.  Also,  the 
force  of  the  poles  AN,  AS  are  equal  at  equal  distances : 
I'or,  by  the  hypothesisi  the  attraction  and  repulsion  of  an 
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mi  pncieki  an  equl  al  equal  distances;  and  the 
pttan  in  AN  is  equal  to  the  deficieiiey  b  AS,  by  the 
ijpulhssis ;  became  NAS  still  contains  its  natural 
Igr-of  iatd.  Tlierefore  the  aetion  of  both  potea  may 
nariad  hf  the  ordinates  of  the  same  curve,  and  they 
Ihrjonlybyreasonof  their  distances.  Wemaythere- 
lirMtbe  actions  fay  the  fimr  ordinates  M  m,  P  p«  N  ic» 
^Bate  III.  fig.  2. ;  of  which  the  property  (deduced 
dicunistanoe  of  its  being  convex  toward  the 
Mw  +  Qf,  is  greater  that  P|i  +  Nii.  There 
a  aoltplns  of  attraction^  It  is  only  this  surplus 
The  fluids  moreable  in  B,  but  retuned 
if^iitaot  to  be  allowed  to  escape,  is  plessed  towards 
«  by  the  excess  P|i  —  Q  f  of  the  repulnon 
fluid  in  AN,  above  the  attraction  of  the  re- 
it  kpK  in  AS.  This  excess  on  evety  particle  of  the 
klnalBaittod^  by  the  common  bws  <^  hydrostatics,  to 
atwiri  iwhaitiiitely  incumbent  on  the  extremity  a,  and 
away  from  A.  But  every  particle  of  the 
i  in  B  is  attracted  towards  A  fay  the  excess  M  m 
^af  Aa  attrsction  of  the  redundant  fluid  in  AN  above 
of  the  redundant  iron  in  AS ;  and  this  excess 


banluul  the  other ;  for  m  4- 9  is  greater  than  p  +  n. 
piaea  of  common  iron  n  B  »  is  therefore  attracted,  in 
met  of  the  fluid  in  it  having  been  propelled  towards 
bCo  extremity,  and  distributed  in  a  manner  somewhat 
Bug  its  distribution  in  NAS.  Now,  in  thb  Hypothe- 
pKtism  is  held  to  depend  entirely  on  the  distribution 
Ittidk  B  has  therefore  become  a  magnet,  has  mag- 
•induced  on  it,  and,  only  in  consequence  of  this  in- 
ly is  attracted  by  A. 

we  supposed  the  defident,  or  south  poie  of  A,  to 
MB  nearest  to  B,  the  redundant  matter  in  AN  would 
btaded  the  moveable  fluid  in  B  mora  than  the  re- 
nsdundant  fluid  in  AS  repels  it:  and,  on  this  ac- 
die  magnetic  fluid  Would  have  been  cohstqMted 
rv.  X 


in  6  Sf  and  rarefied  iu  B  n.  It  would,  iu  this  case  aln^  bave 
been  distributed  in  a  manner  similar  to  its  situadoa  id  the 
magnet.  And  B  would  therefore  have  been  a  iiiobcd- 
tary  magnet,  having  its  redundant  pole  fronting  the  defi- 
cient or  dissimilar  pole  of  A.  It  is  plain,  that  there  vooU 
be  the  same  surplus  of  attraction  in  this  as  in  the  fonaer  in* 
stance,  and  B  would  (on  the  whole)  be  attracted  in  warn- 
qucnce,  and  only  in  consequence,  of  having  had  a  pnpKly 
disposed  magnetism  induced  on  it  by  juxtaposition.  Tk 
sensible  attraction,  in  this  case,  is  a  consequence  of  the  dirtii- 
bution  now  described ;  because,  since  the  fluid  constipstied 
in  the  end  next  to  A  cannot  quit  B,  the  tenden^oftlus 
fluid  toward  A  must  press  the  solid  matter  of  B  in  thb  di- 
rection (by  hydrostatical  laws)  more  tlion  this  solid  natter 
is  repelled  in  the  opposite  direction. 

Thus  it  appears,  that  tlie  hypothesis  tallies  predady  vilb 
tlie  induction  of  magnetism.    We  do  not  call  this  an  ex(lip 
nation  of  the  phenomenon ;  for  the  fact  is,  that  it  is  the  lif- 
pothesis  that  is  explained  by  the  phenomenon:  That  is,  if 
any  person  be  told  that  induced  magnetism  is  produced bj 
Uic  action  of  a  fluid,  inconsequence  of  its  situation bebg 
cliangcd,  he  will  find,  that  in  order  to  agree  with  the  attnc- 
tlon  of  dissimilar,  and  the  repulsion  of  similar  poles,  he  must 
acconnnodatc  tlie  fluid  to  the  phenomena,  by  giving  it  thl^ 
properties  assigned  to  it  by  .Epinus. 

314.  But  the  agreement  with  this  simplest  possible  case 
of  the  most  simple  example  of  induced  magnetism,  is  not 
enough  to  make  us  adopt  the  hypotliesis  as  adequate  to  th& 
explanation  of  all  the  magnetic  ])iicnomcna.  We  must  ooit 
front  the  hypothesis  witli  a  variety  of  observations,  to  see 
whether  the  coincidence  will  be  without  exception. 

WJien  the  key  CB,  in  Plate  III.  fig.  8.  is  brought  bdow 
the  constipated  north  pole  N  of  the  magnet  SAN,  its  own 
moveable  fluid  is  propelled  from  C  towards  B,  and  is  dis- 
posed in  CB  nearly  after  the  same  manner  as  in  SAN.  There- 
Hue  the  rediuidant  fluid  in  the  lower  end  of  the  key  repels 


btadbie  iuM  in  flb  irlm  BI](  More  than  tfc^ 
tt^Hm^UffBt  mlA  C  attraetB  it ;  and  thiiji  the  fluid  la 
(LftMiiiiqppflr  cad  oftbe  win  BD,  and  cond^^^ 
l|k<M|Dl'  CB  and  BD  therefiM  ate  two  teifipdrtery 
a^  having  their  dissimilar  poles  in  eonfaA)  or  nearest 
roflUr  '•  TUb  ia  all  that  is  required  fbr  thar  atti^ac- 
libtrfhdt  ia  pomoled  by  the  action  of  N  on  the  wire 
ia>1fwp«]Bng.<ha  fluid  toWd  D ;  and  <hus  in^feaaAiig 
liMl  sttraetiAn  of  GB  and  BD.  In  like  maimcji^, 
fHfAj  GB  ia  hdd  aborre  the  magnet,  the  moTeable 
INMb  mote  atlnkdbd  faf  the  redundant  matter  iii  SlA 
iM  repelled  by  the  nlore  remote  redunddM  fluid  hi 
3M  amte  dnng  happens  to  the  fluMI  in  the  wire  BD. 
ilteCSftandBD  mnst  attract  each  other;  and  the 
die  iriffe,  although  the  mq^et  is  below  it, 
it  IPhis  singularity  proceeds  from  the 
qpiMl  aidifaility  of  the  fluid  in  the  two  p^^ 
ii^(:iMrih  amfers  thnr  poles  extrBmely  constipated ; 

j^uirad  for  the  flxed  magnetism  of 
this  complete  constipation  and  rare* 
f  -*=Ws  aan  be  strictly  demonsttated  in  the  case  of 
KMbol  koii ;  but  we  can  shew,  and  eap^rieoiee  oon- 
^  Aaft  in  oflier  dises,  depending  on  the  shapeandthe 
^duf  pieces^  the  wire  will  not  adhere  to  the  kcy^ 
Ofrnngnet 

W<vaiions  sitdafiDns  and  poiitioni  of  the  key  and  #in^ 
M»d  in  Plate  ill^  fig.  7.  the  actions  of  some  of  th^ 
It'lke  mov«aUa  fluid  in  the  iron  are  oldique  in  regriVd 
Imglk  of  the  peeal  ^  but,  mnoe  the  moveable  matMf 
Miaad  to  be  a  fluid,  it  will  still  be  propeHed  along  th0 
aKitiritli||tianding  their  obliquity,  in  Ae  same  nittlner 
lily  makes  wataf  oaoupy  tbe  lower  end  of  a  pipe  lying 
if.  IfkldefedthernAkgnetioflaiilco^ 
n  without  any  obstruction  by  the  pHfpnSAcm  of  tiM 
IV  it  mdd  producer  nn  attraction,  or  smibte  andtion, 
^um Hj^tdbctf  in  a  tnms|9aMit  hoftyj    WmH 
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demonstrated  of  the  electrk  fluid  in  Electricity,  No.  13S. 
is  equally  true  here.  Why  the  fluid  does  not  escape  when 
it  is  so  perfectly  moveable,  is  a  question  of  another  kind^  and 
will  "be  considered  afterwards ;  at  present,  the  hypathem  is, 
that  it  does  not  escape. 

If  the  key  and  wire  liave  the  position  Plate  III.  fig.  10. 
Na  1.  tlie  fluid  is  expelled  from  the  parts  in  contact,  and  in 
oondensed  in  the  remote  ends.  So  far  from  attracting  each 
other)  the  key  and  wire  must  repel.  They  are  temporary 
magnets,  having  their  nmilar  poles  fronting  each  other. 
They  must  repel  eacli  otber>  if  presented  in  a  similar  manner 
to  the  south  pole  of  the  magnet. 

If  they  be  presented  as  in  No.  2.  Plate  III<  figi  10.  where 
the  actions  of  both  poles  of  tlie  magtiet  are  equal,  the  slate 
of  the  fluid  in  them  will  not  be  affected.  The  redundant 
pole  of  the  magnet  repels  the  moveable  fluid  in  both  the  key 
and  the  wire  toward  the  upper  ends:  but  the  deficient  pole 
acts  equally  on  it  in  the  opposite  direction.  It  therefore  re- 
mains uniformly  distributed  through  their  substance;  and 
therefore  they  can  exhibit  no  appearance  of  magnetbm. 

But  if  the  key  and  wire  be  presented  to  the  same  part  of 
the  magnet,  but  in  another  position,  as  shewn  in  Plate  III. 
fig.  8.  No.  3.  the  fluid  of  the  key  will  be  abstracted  from  C, 
and  condensed  in  B,  by  the  jmnt  action  of  both  poles  of  the 
magnet.  The  same  thing  will  happen  in  tlie  wire  BD.  Here, 
therefore,  we  have  two  magnets  with  their  dissimilar  poles 
touching.  They  will  attract  each  other  strongly ;  and  if 
carried  gradually  toward  the  upper  or  lower  end  of  the 
magnet,  they  will  separate  before  tlie  point  B  arrives  abreast 
of  N  or  S.  For  similar  reasons,  the  pieces  of  iron  present* 
ed  to  the  middle  of  the  magnet,  as  in  Pli^^c  III.  fig.  10. 
will  have  one  side  a  weak  north  pole,  and  the  other  side  a 
weak  south  pole ;  but  this  will  not  be  conspicuous,  unless 
the  pieces  be  broad. 

This  experiment  shews,  in  a  very  pen(]picuous  manner, 
the  competency  of  the  hypothesis  to  the  explanation  of  the 
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Wban  the  flnid  is  not  movod,  magnetism  is 
\f  even  on  the 'most  susceptible  substance. 
M^y^m  of  iMSB  A  (Plate  III.  fig.  10.),  nearly  as 
"^iBiglBel  oab  carry)  bai^  at  either  pole,  a  laige 
of  ivon  B,  brought  near  to  the  pole  on  the  other  mde, 
if>lsii&fti^it imiDciiatdy  to  fall.  If  S  be  the  deficient 
VeMMtf^  fluid  in  A  to  ascend  to  the  top,  and  A  is 
tMUf^ftnifi&rthB  same  reason,  it  causes  the  fluid  in  B 
ill  its  loirer  end.  This  redundant  fluid  must 
'the  redundant  matter  in  9,  in  the  in- 
BM^netic  state  on  A.  Being  moreremcte 
A  dum  8  is,  it  cannot  wholly  prevent  the  accumulation 
iliy^tnil  oP  A ;  but  it  renders  it  sotriflmg^thatthe 

thence  arising  cannot  sumxirt  the  weight 
iis«  tery  hkstruetive  experiment. 
MVtNlilheeontrBry,  we  bring  a  huge  piece  of  irdn  C 
WftUfhtUff  key  A,  this  fnece  C  will  have  its  fluid  ac- 
ilitfHfrbf  4li'upper  end,  both  by  the  action  of  A  on  it, 
Ijpttlf^Milm  of  the  magnet  The  attraction  of  the 
MNhKA?  Aoold  therefore  be  augmented ;  and  a  msg- 
koaU  cmy  a  heavier  lump  of  iron  when  a  great  lump 
pttBifllJh.  And  it  is  clear  (w^  think),  for  similar  reasons, 
litfT— gnetism  of  the  magnet  itself  in  Plate  III.  fig.  II. 
ttlieriiicreased  by  bringing  a  great  lump  of  iron  near 
ipbfeite  pole :  for  the  magnet  diflSsrs  from  common  iron 
tar  the  digret  of  the  mobility  of  its  fluid. 
Ben  a  oompass  needle  is  placed  opponte  to  the  redund* 
Ue  N  of  a  magnet  AN  (Plate  IV.  fig.  14.),  it  arranges 
Magnetically.  If  a  piece  of  common  iron  be  now  pre- 
d  kterally  to  the  near  point  of  the  needle,  the  redund- 
latter  in  the  adjoining  parts  of  the  needle  and  the  iron 
8  make  them  repel ;  but  if  presented  to  the  remote 
IM  redundant  matter  in  the  iron  should  attraet  the  re- 
BBt  fluid  in  that  end  of  the  needle,  and  that  end  should 
toward  the  iron. 

farael  of  slender  iron  wires,  carried  by  the  pole  of  a 
ieC|  as  in  Phte  IV.  fig.  15.  should  avdid  each  other.  If 
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N  be  the  redundant  pole,  the  fluid  in  each  wire  will  be  driven 
to  the  remote  end,  where  it  must  repel  the  similarly  situated 
fluid  of  its  neighbour.  The  same  external  appearance  must 
b^  e](hilnted  by  juec^  of  wire  hanj^ng  at  the  deficient  pole 
of  the  magnet. 

The  redundant  pole  of  a  magnet  A  (Plate  IV.  fig.  16.) 
being  held  vertically  above  the  centre  of  two  fHeces  of  com* 
BKm  iron,  moveable  round  a  slender  pin,  renders  the  middle 
ofeaich  deficient,  imkI  their  extremities  redundant;  there- 
fisre  they  should  repel  each  other,  and  spread  out.  The 
same  effect  shoiild  be  pnxjuced  by  the  under  changed  pole 
of  A. 

The  redundant  pole  of  a  magnet  A  being  applied  to  one 
bninph  of  the  jMece  of  forked  iron  NCS  (PUte  IV.  fig.  17.), 
ahould  drive  the  fluid  into  its  remote  parts  C,  and  then  the 
branch  NC  should  be  able  to  induce  the  magnetic  state  on 
a.  bit  of  iron  D.  But  if  the  deficient  pde  S  of  another  mag- 
net B  be  applied  to  the  other  branch,  these  two  actions 
should  counteract  each  other  at  C,  and  the  iron  should  re- 
main indifferent,  and  fall. — Yet  the  magnet  B  alone  would 
equally  cause  C  to  carry  the  piece  of  iron. 

It  is  surely  unnecessary  to  demonstrate,  tliat  the  conse- 
quence of  tliis  hypothesis  must  be,  that  when  a  magnet  puts 
any  piece  of  iron  into  the  magnetic  state,  its  own  mogneUsm 
18  improved.  For  the  induced  magnetism  of  the  iron  is  al- 
ways so  disposed  as  to  give  the  fluid  in  the  magnet  a  great- 
er constipation  where  already  condensed,  and  to  abstract 
more  fluid  from  the  parts  already  deficient.  If  magnetism 
be  produced  by  such  a  fluid,  a  magnet  must  always  improve 
by  lying  any  how  among  pieces  of  iron. 

But  the  case  may  be  very  different  when  magnets  are  kept 
in  each  otber^s  neighbourhood.  When  the  overcharged  poles 
of  two  magnets  are  placed  fronting  each  other,  the  redun- 
dant fluid  in  eadi  repels  that  in  the  other  more  than  it  at- 
tracts the  remoter  redundant  iron.  The  magnets  must  there- 
fore repel  each  other-.    Mloreover,  in  rendering  them  mag- 


Wbo^f  ihe  repuiaion  ef  redundant  fluid,  or  Uie  I 
Wnduodant  inaiterofsome  other  magnet  ho^bMBciipIti^ 
pi;  and  when  tltemagm't  was  reniovi?i],  some^if  dieMinsti- 
fUed  dtuil  overcsme  the  oburtictiun  to  its  unifonndiffwion, 
hi  iBSQl^ed  into  the  dc^ctcnt  pole  ;  what  rvtiUBiia  ia  with- 
■HA^'lhe  obstruction,  and  the  restoring  iiii'oti  as  joat  in 
Piqttno  with  this  obstruction.  If  we  now  add  to^oithc 
npobion  of  redundant  fluid,  directed  toward. tha.defieiedt 
f^,  aame  more  of  the  con^tipattid  Huid  niu»t  1«  AiJtch  tbat 
my,  and  the  magnet  must  be  weakened.  Na^  it  amy  be 
^gttroysd,  and  eve^i  reversed,  if  one  of  the  mn^ieU  be  ^^y 
powerful,  and  have  its  own  mngnetisin  ver)r  iiKedi  th^i^ 
^itsfluid  be  very  redundant,  and  meet  witti  v$fy  ywt.ob- 
PnictioD  to  its  motion.  Hence  it  also  should,  fsUeir«  Uutt 
Hke  repuUton  observed  between  two  magnets  should  tn  wetit- 
)V  at  tlte  same  diiitance  than  tlieif  attraction,  aad  should  foilaw 
fh  dtSerenl  law.  For,  In  the  course  of  the  exptriBkCBti,  the 
fituation  oi  the  Huid  in  the  magnets  is  continually  eban^iiig, 
and  approadiing  to  a  state  of  uniform  diffu^on, 
,  315.  Let  us  now  examine  into  the  sensible  effect  of^lJlia 
fluid  on  a  magnet  which  cannot  move  from  its  place)  butcan 
jtum  on  its  centre  like  a  compass  needle.  This  scarcely  rtr- 
Ifuirea  any  discussion.  We  ehould  only  be  repealing,  with 
gugard  to  the  redundant  fluid  and  redundant  matter,  what 
ya  formerly  s^d  in  regard  of  north  pole  and  south  pole  ; 
MB  little  magnet  must  arrange  itself  nearly  in  the  tangent 
^a  magnetic  curve.  Dut  it  rifquires  a  more  miimteiwes- 
^glUton  to  determine  what  ilie  sensible  phenomenon  sboukj 
^wheo  the  fluid  of  the  little  magnet  is  perfectly  moveable. 
',  Suppose  therefore  a  particle  C  (Plate  IV.  fig.  18.)  of  nag- 
jKtic  fluid,  at  perfect  liberty  to  move  in  every  directioD,  and 
nied  on  by  the  redundant  and  deficient  poles  of  a  ougnet 
|(AS.  The  redundant  iron  in  S  attracts  C  in  the  direction  and 
j^  the  force  CF,  while  the  redundant  fluid  in  N  tepela  it  in 
)JH  direction  and  with  the  force  CD.  By  their  joint  action  it 
tet  be  urged  in  the  direction  .tnd  with  the  force  C£,  the 
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diagonal  of  the  parallelogram  CDEF,  which  moat  be  aeeoK 
lately  a  tangent  to  a  magnetic  curve.  If  this  particle  of  fluid 
belong  to  tlie  piece  of  iron  n  C  «,  which  lies  in  that  verj  di- 
rection, it  will  unquestionably  be  pushed  towards  the  cstie- 
roity  n.  The  same  must  happen  to  other  particles,  Heaoe 
it  appears  that  a  piece  of  common  iron  in  this  dtuation  mi 
position  must  become  a  magnet^  and  must  letun  this  por- 
tion ;  only  the  mechanical  enei^  of  the  lever  may  dMop 
the  equilibrium  of  the  magnetic  forces  a  litde ;  becanse  vhtfi 
the  jnece  of  iron  n  C  «  has  any  sensible  magiutade^  the  a^ 
tion  on  its  different  points  will  be  a  little  unequal,  aad  naj 
compose  diagonals  which  divide  a  little  from  die  taagsat 

Should  the  iron  needle  cliance  not  to  have  the  cnct  po» 
ation,  but  not*  deviate  very  far  from  it,  it  is  also  oksr  Ifaat 
the  fluid,  not  being  able  to  escape,  will  press  on  the  sUklo- 
ward  which  it  is  impelled ;  and  thus  will  cause  the  needle 
to  turn  on  its  pivot,  and  finally  arrange  itself  in  magnHJcil 
and  mechanical  equilibrium,  deviating  so  much  the  lev  from 
a  tangent  to  a  magnetic  curve  as  the  piece  of  iron  is  smaller- 
Any  piece  of  common  iron,  held  in  the  neighbourhood  of  a 
magnet,  will  become  more  overcharged  at  one  end  and  un» 
dercharged  at  the  other,  in  proportion  as  the  position  of  its 
length  comes  nearer  to  the  tangent  of  a  magnetic  curve.  A 
slender  wire  held  perpendicular  to  this  portion,  that  is,  per- 
pendicular to  the  curve,  should  not  acquire  any  sensible  mag- 
netism, either  attractive  or  directive. 

316.  We  surely  need  not  now  employ  many  words  to 
shew  that  ft  parcel  of  iron  filings,  strewed  round  a  magnet, 
should  arrange  themselves  in  the  primary  magnetic  curves, 
or  that  when  strewed  round  two  magnets  they  should  form 
the  secondary  or  composite  curves. 

317.  Let  us  now  inquire  more  particularly  into  the  mo- 
difications of  this  accumulation  of  magnetic  fluid  which  may 
result  from  the  nature  of  the  piece  of  iron,  as  it  is  put  into 
the  magnetic  state.  The  propelUng  force  of  A  acts  agmnst 
the  mutual  repulsion  of  the  particles  of  fluid  in  B,  and  aba 
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obrtftta&m  to  its  modon  through  the  pores  of  B« 
obilriiclkm,  the  imaUer  will  be  the  aooumu- 
m  ooDJuiietkm  with  the  obstrucdoD  and 
iMrMlMMMivf  thedcBorted  iron,  tobdaiieethepn>{ml8tve 
fatoflf^jiHr  wJhiiMliiirt  iiud  in  the  overduurged  pole  of  A. 

therefore  must  limit  the  accumuhitiasi 
in  a  fpwen  time    Therefere  the  mag* 
on  abft  tfcd  or  iron  should  be  greater 
in  hard  iteel  at  the  same  distance.  Hence 
of  soft  pofesy  or  of  amxnir,  cr  ofoap- 
or  to  a  bundle  of  hard  bars.  Thebnt 
of  this  annoar  b  certunljr  detennioable 
prinoplesi  if  we  knew  the  law  of  oii^gne&* 
dBqioeiuon  of  the  magnetism  in  our  bad- 
are  too  imperfectly  known  in  all  cases  for 
iiat»pBliliilD.g^an7  exact  rules.    Wemustdeddeez- 

^dnaldng  the  caps  large  at  first,  and  redudng 
loadstone  carry  less;  then  make  them 
The  chief  things  to  be  attended  to 
nnifisrmity,  and  the  softness  of  the  iron, 
aadrAuiosMt  ponble  contact. 

*.If  tbrohstmction  resemble  that  to  motion  through  a  dam- 
Wf  Muiip  the  final  accumulation  in  hard  steel  may  be  nearly 
to  that  in  iron,  but  will  require  much  longer  time. 
bacmuiB  such  obstruction  to  the  motion  of  the  fluid 
wiB  iisariy  balance  the  propelling  force  in  parts  that  are  tar 
wiiiiiod  from  the  magnet,  the  accumulation  will  begin  there- 
dbaoli^  while  the  bar  beyond  b  not  yet  affected.  A  redun- 
imtt  fcie  will  be  formed  in  that  place.  This  will  operate 
411^  vliat  b  mmediaiffy  beyond  it,  driving  the  fluid  fiuther  on, 
wA  occasioning  another  accumulation  at  a  small  distance, 
may  produce  a  similar  efiect  in  a  still  smaller  d^pree 
on.  Thus  the  sted  bar  inll  have  the  fluid  dtemate^ 
tp  eiaafc  iisnfl  and  rarefied,  and  contain  alternate  north  and 
sdithpoics  Thbstateofdistributioairill  not  be  permanent; 
A^B^  w|U1ie  gradually  dianpng  its  {dace ;  these  poles 
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gradually  advance  along  the  bar,  the  remoter  poles  be- 
commg  gradually  more  diffuse  and  faint;  and  it  will  not  be 
till  after  a  very  long  time  that  a  regular  magnetism  with  two 
poles  will  be  produced.  To  state  mathematically  the  pro- 
oadnre  of  this  mechanism  would  require  many  pages.  Yet 
it  may  be  done  in  some  simple  ca8es»  as  Newton  has  stated 
the  process  of  aerial  undulation.  But  we  cannot  enter  up- 
on the  task  in  this  limited  dissertation.  What  is  said  in  the 
ardde  ELXCTaiciTT  ({  217,  218.)  on  the  distribution  of 
the  electric  fluid  in  an  imperfect  insulator,  will  assist  the 
reader  to  form  a  notion  of  the  state  of  magnetism  during 
itsjnductbn.  That  such  alternations  proceed  from  such  me- 
chanism, we  have  sufficientproof  in  the  instances  mentioned 
in  the  former  part  of  thu  article.  The  wave,  or  curl,  pro- 
duced on  the  surface  of  a  clammy  fluid,  is  a  phenomenon  of 
the  same  kind,  and  owing  to  similar  causes. 

When  the  magnet  which  has  produced  all  these  changes 
is  removed,  it  is  evident  that  a  part  of  this  accumulation  will 
be  undone  again.  The  repulsion  of  the  condensed  fluid, 
and  the  attraction  of  the  deserted  iron,  will  bring  back  some 
of  the  fluid.  But  it  is  very  evident,  that  a  part  of  the  ac« 
cumulation  will  remain,  by  reason  of  the  obstruction  to  its 
motion  in  returning ;  and  this  remainder  must  be  so  much 
the  greater  as  the  obstruction  to  the  change  of  situation  is 
greater.  In  short,  we  cannot  doubt  but  that  the  magnetism 
which  remains  will  be  greater  in  hard  Uian  in  spring  tern* 
pered  steel. 

318.  Thus  have  we  traced  the  hypothec  in  a  great  va- 
riety of  circumstances  and  atuations,  and  pointed  out  what 
should  be  the  external  appearance  in  each.  We  did  not,  in 
each  instance,  mention  the  perfect  coincidence  of  these  con-* 
sequences  with  what  is  really  observed,  but  left  it  to  the  re* 
collection  of  the  reader.  The  coincidence  is  indeed  so  com- 
plete, that  it  seems  hardly  possible  to  refuse  granting  that 
nature  operates  in  this  or  some  very  similar  manner.  We 
get  some  confidence  in  the  conjecture,  and  may  even  pro* 
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ceed  to  explain  complicated  phenomena  by  this  hypothetical 
theory.  We  might  pixKeed  to  shew,  that  the  effects  of  all 
the  methods  practised  by  the  artists  in  making  artificial  mag-* 
nets  are  easy  consequences  of  the  hypothesis;  but  Ms  if 
hardly  necessary.  We  shall  just  mention  some  facts  in  those 
processes  which  hgve  puzsled  the  naturalists, 

1.  A  strong  magnet  is  known  to  communicate  the  great- 
est magnetism  to  a  bar  of  hard  steel ;  but  Muschcnbroek 
frequently  found,  that  a  weak  magnet  would  communicate 
more  to  a  soft  than  to  a  hard  bar. 

ExploMiMfL  When  the  magnet  is  strong  enough  to  im- 
pregnate both  as  highly  as  they  are  capable  of,  the  hard  bar 
must  be  the  strongest ;  but  if  it  can  saturate  neither,  tba 
spring-tempered  biur  must  be  left  the  most  magnetical. 

S.  A  strong  magnet  has  sometimes  communicated  no 
higher  magneUsm  than  a  wec&er  one ;  both  have  been  abl^ 
to  saturate  the  bar. 

3.  A  weak  magnet  has  often  impaired  a  strong  one  by 
simply  passing  akxig  it  two  or  three  times ;  but  a  piece  of 
iron  always  improves  a  magnet  by  the  same  treatment 

ElxplanatiofL  When  the  north  pole  of  a  weak  but  hard 
magnet  is  set  on  the  north  pole  of  a  strong  one,  it  must  cer* 
tfdnly  repel  part  of  the  fluid  towards  the  other  end,  and  thus 
it  must  weaken  the  magnet.  When  it  is  carried  forward,  it 
cannot  repel  thb  back  again,  because  it  is  not  of  itself  mip- 
posed  capable  of  making  the  magnet  so  strong.  But  the 
end  of  a  piece  of  iron,  always  acquiring  a  magnetism  oppo- 
site to  that  of  the  part  which  it  touches,  must  increase  the 
accumulation  of  fluid  where  it  is  already  condensed,  and 
must  expel  more  firoip  those  parta  which  arc  already  defi-' 
cient. 

4.  All  the  parts  of  the  process  of  the  double  toudi,  as 
practised  by  Messrs.  Mitehdl  and  Canton,  are  easily  exjdlsnt- 
ed  by  this  hypothesis.  A  partielc  of  fluid  p  (Plate  IT.  fig. 
19.)  situated  in  the  Hiiddk  between  the  two  magnets,  is  i^ 
pelled  in  the  direetipn  ji  e  by  tlit  redundant  pole  of  the  mag- 
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net  AN,  whose  centre  of  effSort  is  supposed  to  be  at  C.  It 
is  attracted  with  an  equal  force  in  the  direction  p  d  tumid 
the  centre  of  effort  of  the  defident  pole  of  AS.  By  these 
oomlnned  actions  it  is  impelled  in  the  direction  pf.  Nov  it 
is  plain  that,  although  by  increaang  the  distance  betven  N 
and  S,  the  forces  with  which  these  pedes  act  on  p  aie  dnni- 
nished,  yet  the  compound  force  pfmaj  increase  by  the  di- 

minudon  of  the  angle  dpc.    If  the  action  is  as  ^i  9f^ 

Cos.  dpf 
be  greatest  when  — ^  ,      is  a  maximum,  or  (neariy)  wim 

Sin.>  d  pf  X  Cos.  dpf  is  a  maximum :  but  this  dqxnds  oo 
the  place  of  the  centre  of  effort    We  can,  however,  gadier 
from  this  observation,  that  the  nearer  we  suppoie  the  cen- 
tres of  effort  of  the  poles  N  and  S  to  the  extrenndes  of  the 
magnets,  the  nearer  must  th^y  be  placed  to  eidi  other. 
But  we  must  also  attend  to  another  circumstance ;  duU  bj 
bringpng  the  poles  nearer  together,  although  we  produce  a 
greater  action  on  the  intervening  fluid,  this  action  is  exert- 
ed on  a  smaller  quantity  of  it,  and  therefore  a  less  cAct 
may  be  produced.    This  makes  a  wider  position  prefashk; 
but  we  have  too  imperfect  a  knowledge  of  the  circumitiDoes 
to  be  able  to  determine  this  with  accuracy.     The  un&vour* 
able  action  on  the  fluid  beyond  the  magnets  must  slso  be 
considered.     Yet  all  this  may  be  ascertained  with  prediaoo 
in  some  very  simple  instances,  and  the  determination  nu^ 
be  of  sen^,  if  we  had  not  a  better  method,  indepmdent  ot 
all  hypotheses  or  theory ;  namely,  to  place  the  magnets  at 
the  distance  where  they  are  observed  to  lift  the  heaviest  bar 
of  iron ;  then  we  are  certain  that  their  action  is  most  fitvour" 
able,  all  circumstances  being  combined. 

We  also  see  a  suffident  reason  for  preferring  the  position 
of  the  magnets  employed  by  Mr  Antheaume  (and  before  lum 
by  Mr  Servingtpn  Savery),  in  his  process  for  making  artifi- 
cial magnets.  The  form  of  the  parallelogram  dpefis  then 
much  more  favourable,  the  diagonal  p/ being  mudi  longer^ 
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We  also  see,  in  gciieml,  that,  by  the  method  of  douUe 
touch,  a  muuti  greater  ■cniimJation  a£  fluid  mttj  be  jvo- 
duccd  tlian  by  any  other  known  proceai. 

And,  lastly,  since  t»  appeuwicei  indieste  anjr  ^ffflnoce 
Hivtween  natural  and  artifidal  nagagdaOt  this  bjpotheua  is 
«qual1y  applicable  to  the  ezpbnation  of  the  pbenoniena  of 
natural  magnetism  ;  each  u  the  poiltioD  of  the  horiiontal, 
and  of  ihc  dipping  needle,  and  the  impregnation  of  natural 
luad  stones. 

Having  Slid)  a  body  of  evidence  for  the  aptitude  of  this 
hypothesia  for  the  cxplinatiiKi  of  pheDomena,  it  will  nirely 
be  ^reeable  to  meet  irith  any  dicumstanees  which  render 
Ae  hypothesis  itself  inare  probable.  TheM  are  not  want- 
log;  although  it  must  be  acknowledged  that  nothing  has 
yet  appeared,  besides  the  phoKmiena  of  magnetuni,  to  give 
IIS  any  tudicatioo  o(  it«  exiitence  of  audi  a  fluid ;  but  there 
arc  many  particulars  in  their  ai^>earaQce  which  greatly  re- 
semble the  mechanit-al  properties  of  a  fluid. 

319.  Heating  a  rod  of  iron,  and  allowing  it  to  cool  in  a  po* 
sitton  perpondiciilar  to  the  magnetic  direction,  destroys  its 
magnetism.  Iron  U  expanded  by  heat  If  the  partielea  of 
the  magnetic  fluid  are  retained  between  those  of  the  iron, 
not  with  standing  the  tbrcea  which  tend  to  diffuse  them  uni< 
formly,  they  may  tlins  escape  from  between  the  ferrugineous 
particles  which  withheld  them.  For  umilar  reasons^  mag- 
netitm  should  be  acquired  by  heating  a  bar  and  letting  it 
cod  in  the  magnetic  direction.  But,  beudea  this  evident 
mechanical  opportunity  of  motion,  the  union  of  6re  (or  what- 
ever name  the  ncoloj^sts  may  choose  to  give  to  the  cause 
of  expansion  and  of  tieat)  with  the  particles  of  iron  may  to- 
tally change  the  acliop  of  tboae  particles  on  the  particles  of 
AkI  in  iminediate  o^taet  with  them ;  nay,  it  may  even 
MW^gf  the  aMMibla  law  of  actkn  between  magnet  and  mag- 
IK.  .^Of  this  no  one  G*D  doubt  who  understands  the  appli- 
(tfoB  cf  mathematical  science  to  corpuscular  attraction  (see 
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the  Treatise  on  Cobpusculak  Actioi9  in  toI.  I.  Boscoticb.} 
A  cliange  may  be  produced  in  the  action  between  m^gneb 
without  any  remarkable  change  happening  in  the  uAm 
irithin  the  magnet,  and  it  may  be  just  the  xefCfse.    The 
union  of  fire  with  the  magnetic  fluid  may  increiie  the  nm- 
tual  repulsion  of  its  parts,  as  it  does  in  all  aerial  floidi  or 
gases.     This  alone  would  produce  a  dissipatiaii  of  lone 
magnetism.     It  may  increase  the  attraction  (at  inmMt 
distances)  between  the  fluid  and  the  iron,  as  it  does  in  mni- 
berless  cases  in  chemistry. 

320.  It  is  well  known  that  violently  knocking  or  liiam» 
ing  a  magnet  weakens  its  force,  and  that  hammering  a  pine 
of  iron  in  the  magnetic  direction  will  give  it  some  naga^ 
ism.     By  this  treatment  the  parts  of  the  iron  oe  pat  into  a 
tremulous  motion,  alternately  approacliing aid noedbf  from 
eacli  other.   In  the  instants  of  their  recess,  the  penUnp  fir- 
ticles  of  the  fluid  may  make  their  escape.      A  qoflBlitj  cf 
small  shot  may  be  uniformly  mixed  with  a  quantity  of  what, 
and  will  remain  so  for  ever,  if  nothing  disturb  the  vesid; 
but  continue  to  tap  it  smartly  with  a  stick  for  a  kmg  tiiiM^ 
and  the  grains  of  small  shot  will  escape  from  their  ooBfio^ 
ments,  and  will  all  go  to  the  bottom.   We  may  concoretbe 
particles  of  magnetic  fluid  to  be  affected  in  the  some  way. 
The  same  effect  is  produced  by  grinding  or  filing  magnets 
and  loadstones.     The  latter  are  frequently  made  useless 
by  grinding  them  into  the  proper  shape.     This  should  be 
avoided  as  much  as  possible,  and  it  should  always  be  done 
in  moulds  made  of  soft  iron  and  very  massive ;  but  this  wiH 
not  always  prevent  the  dissipation  o(  strong  magnetiflia.  As 
a  farther  reason  for  assigning  this  cause  for  the  disripatiofi 
in  such  coses,  it  must  be  observed  (Muschenbroek  takes  no- 
tice of  it),  tliat  a  magnet  or  loadstone  tnay  be  ground  at  its 
neutral  point  witliout  much  damage.    But  we  had  the  fol- 
lowing most  distinct  example  of  the  process.      A  very  fine 
artificial  magnet  was  suspended  by  a  thread,  with  its^aoudi 
pole  down.  *  A  person  was  employed  to  knock  it  incessant- 
ly with  a  piece  of  pebble,  in  such  a  manner  as  to  make  it 
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ring  very  clearly,. being  extremely  hard  and  elastic.  Its 
magnetism  was  examined  from  time  to  time  with  a  very  small 
compass  needle.  In  three  quarters  of  an  hour,  its  magnetisin 
was  not  only  destroyed^  but  the  lower  end  shewed  signs  of 
a  north  pole.  The  same  magnet  was  agidn  touched,  and 
made  as  strong  as  before,  and  was  then  wound  about  verj 
tight  with  wetted  whipcord,  leaving  a  smaU  part  bare  in  the 
middle.  It  was  a^n  knocked  with  the  pebble,  but  could 
no  longer  ring.  At  the  end  of  three  quarters  of  an  hour  its 
magnetism  was  still  vigorous,  and  was  not  near  gone  after 
two  hours  and  a  quarter.  We  discharged  a  Leyden  jar 
(coated  with  gold  leaf)  in  the  same  way.  It  stood  on  the 
top  of  an  axis ;  and  while  tliis  was  turned  round,  the  edg^ 
was  rubbed  with  a  very  dry  cork  filled  with  rosin,  and  fast* 
tned  to  the  end  of  a  glass  rod.  This  made  the  jar  sound 
like  the  glass  of  a  harmonica.  One  of  them  was  split  in  thia 
operation. 

A  small  bar  of  steel  was  heated  red  hot  and  tempered  hard 
between  two  strong  magnets  lying  in  shallow  boxes  filled 
with  water,  and  was  more  strongly  impregnated  in  this  wajK 
than  in  any  other  that  we  could  think  of  for  a  bar  of  that 
shape.  It  has  not  yet  been  ascertained  in  what  temperature 
it  is  most  susceptible  of  magnetism,  but  it  was  considerably 
hotter  than  to  be  just  visible  in  a  dark  place.  It  is  no  oh* 
jection  to  our  way  of  conceiving  magnetism>  that  the  fluid  h 
immoveable  or  inactive  when  the  iron  is  red  hot  Either 
of  these,  or  both  of  them,  may  result  from  the  union  with 
the  cause  of  heat.  Even  a  particular  degree  of  expansion 
may  so  change  the  law  of  action  as  to  make  it  immoveable; 
or  the  union  with  caloric  may  render  it  inactive  at  all  aeugi-i 
ble  distances.  We  cannot  but  think,  that  some  very  ior 
structive  facts  might  be  obtained  by  experiments  made 
on  iron  in  the  moment  of  its  production,  and  changes  in 
various  chemical  processes.  All  magnetism  is  gone  wh&k 
it  is  united  with  sulphur  and  arsenic  in  the  greatest  numb^v 
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of  ores;  and  when  it  is  in  the  state  of  an  ochre,  rust, 
sethiops,  or  solntion  in  acids ;  and  when  united  with  as- 
tnngeDt  substances,  such  as  galls.  When,  and  in  what 
state,  does  it  become  magnetic  ?  And  whencecomesthefluid 
of  jfipinus  ?  It  were  worth  while  to  try,  whether  magnets 
haTe  any  influence  in  the  formation  or  crystallisation  of 
the  martid  salts;  and  what  will  be  their  effect  on  iron  when 
precijHtated  from  its  solutions  by  another  metal,  &&  &c. 

SSI.  There  remains  one  remaricable  fact  to  be  taken  no* 
tioe  of,  which,  in  one  point  of  view,  is  a  confirmation  of  the 
hypothecs,  but  in  another  presents  considerable  difficulties. 

It  is  well  known  that  no  magnet  has  ever  been  seen  which 
has  but  one  pole ;  that  is,  on  the  hypotheas  of  iBptnus, 
which  is  wholly  redundiuit,  or  wholly  deficient  If  all  mag- 
netism be  either  the  immediate  or  the  remote  effect  of  the 
great  magnet  contained  in  the  earth,  and  if  it  be  produced 
by  induction,  without  any  communication  of  substance,  but 
Mly  by  changing  the  disposition  of  the  fluid  already  in  the 
iron,  we  never  should  see  a  magnet  with  only  one  pole.  It 
inust  be  owned,  that  we  never  can  make  such  a  magnet  by 
any  of  the  processes  hitherto  described ;  but  the  existence 
of  such  does  not  seem  impossible.  Supposing  a  magnet,  of 
the  most  regular  magnetism,  having  only  two  poles ;  and 
that  we  cut  it  through  at  the  neutral  point,  or  that  we  cut 
or  break  off  any  part  of  it-*the  fact  is  (for  the  experiment 
has  been  tried  ever  since  men  began  to  speculate  about  mag- 
netism), that  each  part  becomes  an  ordinary  magnet,  with 
two^poles,  one  of  which  is  of  the  same  kind  as  before  the  se- 
paration. The  question  now  is.  What  should  happen  ac- 
cording to  the  theory  maintained  by  ^pinus  ?•— >7Vfi/a77i. 
Theor,  Elect,  et  MagneHsmij  p.  104,  &c. 

Let  NAS  (Plate  IV.  fig.  20.)  be  a  magnet,  of  which  N  is 
the  overcharged  pole.  Let  the  ordinates  of  the  curve  DAE 
express  the  difierence  between  the  natural  density  of  the 
fluid,  in  a  state  of  uniform  diffusion,  and  its  density  as  it  is 
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£^[kMedm  the  magnet*.  The areap  n  ND  will  there 
I  the  quantity  of  redundant  fluid  in  the  part  n  N,  and 
A  y  EB  91  cxprewe*  the  fluid  wanting  in  the  part  S  m. 
Iinectioii  A  marks  that  part  of  the  magnet  where  the 
of  its  natural  density.  Suppose  the  part  N  »  to  be 
ed  fipom  the  rest,  containing  the  redundant  fluid  ND 
w  tendency  of  this  fluid  to  escape  from  the  iron  with 
th  enmeeted  will  be  greater  (Mr.  ^pinus  thinks) 
;  because  its  tendency  to  quit  the  magnet  former- 
by  the  attracticms  of  the  redundant  matter 
si  in  AS.  This  is  certainly  true  of  the  extremity  N ; 
liiapB  of  all  the  old  external  surface.  Fluid  will  there- 
apew  Suppose  that  so  much  has  quitted  the  iron  that 
9t  A  has  the  fluid  of  its  natural  denutyi  as  is  reprc- 
in  Na  3.  there  b  still  a  force  operating  at  n,  tending 
jtff  amag  from  the  repulsion  of  all  the  redundant 
UN.  •  If  this  be  suiEcient  for  orercoming  the  obstruc- 
:  wiD  naDy  escape,  and  the  iron  will  be  left  in  the 
IptSBBiid  by  No.  4.  with  an  overcharged  pait/N,  and 
sniiaiged  part^n. 

ti  ikianner,  the  tendency  of  the  magnetic  fluid  sur< 
g  ifne  magnet  to  enter  into  its  deficient  pole,  will  be 
when  it  is  separated  trom  the  other,  not  being  check* 
10  repulnon  of  the  redundant  fluid  in  that  other. 

■b  Ibniid  that  the  magnetic  action  diminished  from  the  north  or  south 
tcmmrdf  the  neutral  point  according  to  the  following  law. 
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Mr.  iGpinus  relates  some  experimentf  which  be  naadeoD 
this  subject.  The  general  result  of  them  was,  that  the  ao- 
ment  tlie  ports  were  separated,  each  had  twoppkByaadthil 
the  neutral  point  of  each  magnet  was  much  nearer  to  dM 
place  of  their  former  union  than  to  the  other  aids.  Ii  i 
quarter  of  an  hour  afterwards,  the  neutral  points  had  adm- 
red  nearer  to  their  middle,  and  continued  to  do  so^  faj  very 
small  steps,  for  some  hours,  and  sometimes  days,  and  Bui* 
ly  were  stationary  in  their  middles. 

322.  We  acknowledge,  that  this  reasoning  does  not  alto- 
gether satisfy  lis,  and  that  the  gradual  progress  of  the  neu- 
tral point  toward  the  middle  of  each  piece,  although  i^grw- 
able  to  what  should  result  from  an  escape  of  fluids  knot  a 
proof  of  it.  We  know  already,  that  the  inductioB  of  mag- 
netism is  a  progressive  tiling ;  and  we  should  hate  cspeciU 
cd  this  change  of  the  ^tuation  of  the  neutral  pmot,  vkafi- 
ever  be  the  nature  of  magnetism.  There  is  something  iair 
lar  to  this,  and  perhaps  equally  puzaling,  in  the  imnwdiaSa 
recovery  of  magnetism  which  has  been  weakened  by  heat; 
it  is  partly  recovered  on  cooling. 

But  our  chief  difliculty  is  this:    At  the  point  A  (Pkit 
IV.  fig.  20.)  every  thing  is  in  equilibrium  before  thefitae- 
tiire.     The  particle  A  is  repelled  by  the  redundant  fluid  in 
AN,  and  attracted  by  the  redundant  matter  in  AS ;  yet  it 
does  not  move,  for  the  magnetism  is  supposed  to  have  per« 
nianency.     Therefore  the  obitniction  at  A  cannot  be  over- 
come by  the  united  repulsion  of  AN  and  attraction  of  AS. 
Nor  can  the  obstruction  at  N  be  overcome  by  the  difierenoe 
of  these  two  forces.     Now  suppose  AS  annihilated.     The 
change  made  on  the  state  of  things  at  A  is  surely  greater 
than  that  at  N,  because  the  force  abstracted  is  greater,  the 
distance  being  less.     It  does  not  clearly  appear,  therefore, 
that  the  removal  of  AS  should  occasion  an  efflux  at  N. 
This,  however,  is  not  impossible ;  because  the  fluid  may  be 
so  disposed,  by  great  constipation  near  N,  and  no  great  ex- 
cess of  density  near  A,  that  a  smaller  change  at  N  may  pro- 


d«l»«V(  cflux  time.  But  BUTcly  the  tendeaej  fat  escape  at 
4>«tPlM«M  ba  didnniabed,  insteAd  of  bndg  greater  after 
i  if  any  eacapa  from  N,  this  will  s^l  nore 
lkthll.taBdeD^toeaoapefrtimA.  It  doea  not  there* 
rAijattcaBsecpwilceflf  tbegaDend  tbeorj,  that 
lAiiid  thauld  efloape ;  and  more  paitieulaily, 
<ti*  A  J*wld  b^wme  d^cwnt  A»d  vith  respect  to  the 
entry  of  fluid  into  the  other  fragment,  and  itB  beeoming 
'  oveTchargecl  .it  m,  the  reaioniDg  Beams  still  less  convinenig. 
I'he  st«ps  of  this  physical  process  in  the  two  parts  of  the 
on^nal  magnet  in  by  ao  nans  convertible  or  counterparts 
of  each  other.  There  is  nothing  in  the  part  A3  to  resem* 
ble  the  Ibrce  of  KpolWHi  really  exerting  itself  in  the  earre^ 
pMtim^tfmt.  of  AN.  There  would  be,  if  there  wan  a 
fM6«toflCfl«U  ID  th^  place;  but  tkere  is  not  The  ten^ 
^Mip^lkMfan  of  external  fluid  to  enter  there,  does  not  re- 
■HpJBntMidMMy  of  the  internal  fluid  to  expand  and  dis- 
,  indeed,  the  discourse  should  be  confined 
e  surfi^.  But  the  internal  motion  must  al- 
and the  great  objection  always  remains, 
c  <^tnietkn  at  A  (No.^  J.)  or  at  a  (No.  3.) 
lib  ptsrent  the  passage  of  a  particle  of  fluid  from 
.llKpllBjAN  intA  the  p^e  AS,  when  urged  by  the  ivpul- 
.■n^flhA  fluid  in  Che  one,  and  the  attraction  (^  the  iron  in 
Ifesothvi  and  fit  will  not  {HVrent  the  escape  of  a  particle 
^pIm  mm  of  tbow  causes  of  notion  is  renJored.  Add  to 
lifc^  that  the  wbolt  kypotheas  assumes  as  a  principle,  that 
fhCMMlnot  to  cscqM  Irom  any  pant  is  greater  tbon  the 
■Mi^iliuii  to  motun  through  the  pores.  This  b  r«adily 
gBBIed;  for  however  great  we  suppose  the  attraction,  m 
Ihft  fiwli  ei  plqrncal  contact,  it  will  be  do  obstniction  to 
mt6aa  thtou|b  the  pores,  because  the  portiole  »  equally  af- 
Ailad  hf  the  opponte  sides  of  the  pom ;  irfwriAs,  m  qtut- 
tisg  tbe  body  ^together,  there  is  nothing  beyond  the  bpdy 
X  the  attraction  by  which  it  is  r 
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There  seems  something  wanting  to  aooommodate  tUi 
beautiful  hypothesis  of  Mr.  iEpinus  to  this  remarkable  phe* 
nomenon ;  and  the  coincidence  is  otherwise  so  completei  tbt 
we  are  almost  obliged  to  conclude  that  it  is  merely  a  deli- 
cicncy,  arising  from  our  not  having  a  suffident  knowkdp 
of  the  law  of  magnetic  action.    This  is  quite  sufficient:  For 
it  may  be  strictly  demonstrated,  that  if  the  magnetic  adka 
decreases  in  a  higher  ratio  than  that  of  the  squares  of  the  dii- 
tances,  the  permanency  of  the  fluid  in  any  pardcular  dispo- 
sition has  scarcely  any  dependence  on  the  particles  at  any 
scudible  distance,  and  is  affected  only  by  the  variaimm  of 
its  density  (See  Electricity,  §  217.  for  a  case  some- 
what similar.)     Therefore,  if  the  fluid  be  so  disposed,  that 
its  density  may  be  represented  by  the  ordinates  of  soch  a 
curve  as  is  drawn  in  Plate  IV.  fig.  20,  having  its  tuo  eft" 
tremities  concave  toward  the  axis,  and  a  point  c^oontiarj 
flexure  at  A,  the  tendency  to  escape  at  A  will  be  the  great- 
est  possible ;  and  when  the  magnet  is  broken  at  A  (Na  1.) 
or  when  the  fluid  has  taken  the  arrangement  represented  by 
No.  3,  it  cannot  stop  there,  and  muit  become  deficient  in  that 
part.     Now,  it  must  be  acknowledged,  that  we  are  not  ab« 
solutcly  certain  that  the  magnetic  action  is  in  the  predse  ui- 
vcrse  duplicate  ratio  of  the  distance*.     All  that  we  are  cer- 
tain of  is,  that  it  is  much  nearer  to  it  than  to  either  the  in- 
verse simple  or  inverse  duplicate  ratio.     We  own  oiurselves 
rather  disposed  to  ascribe  the  present  difiiculty  to  our  ig- 
norance of  some  circumstances,  purely  mathematical,  over- 
l(X)ked,  or  mistaken,  than  to  think  a  conjecture  unfounded, 
which  tallies  So  accurately  with  such  a  variety  of  pheno- 
nicna^ 

We  may  here  observe,  that  we  are  not  altogether  satisfied 
with  iEpinus'  form  of  the  experiment.  He  did  not  break  a 
magnet;  he  set  two  steel  bars  end  to  end,  and  touched  them 

*  The  experimenU  of  Coulomb  prove  iucontestibly  that  thif  is  the  law  of 
in»guetic  actioo.-* £p. 
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bar,  making  the  magnetism  perfectly  regular ;  he  then 
them,  and  foimd  that  each  had  two  poles.  But 
hm  laertain  that,  when  joined,  they  made  but  one  mag- 
?  We  have  sometimes  succeeded  in  doing  this,  as  we 
thonght,  by  the  curves  of  iron  filings ;  but  on  putting  the 
with  which  we  were  examining  their  polarity  into 
fltuations,  we  sometimes  found  it  in  the  second  in- 
of  the  secondary  curves,  sliewing  that  die  bars 
niDy  two  magnets,  and  not- one. 
Ok^the  other  hand,  when  a  piece  is  broken  oiF  from  a 
a  mHpirt,  the  succussion  and  elastic  tremor  into  which  the 
ftatM  are  thrown,  and  even  the  bending  previous  to  the 
firaoCal^  may  give  opportunity  to  a  dissipation,  which  could 
nut -olher wife  happen.  The  parts  should  be  separated  by 
oomaon  in  an  aicid,  and  the  gradual  change  of  magnetism 
ahfloU  be  carefully  noted.  The  writer  of  this  article  has 
made  amne  experiments  of  this  nature,  the  results  of  which 
preasnt  aamt  curious  observations:  but  they  are  not  yet 
broqgiit  to  a  conclusion  that  is  fit  to  be  laid  before  the  pub* 

Jic», 


firf  reSMrkmble  fact,  that  every  fragment  of  a  magnet,  whether  it  is 
i|hi  aofth  or  iti  south  extremity,  is  itself  a  magnet,  with  two  distinct 
0|ipotito  polea,  appears  incapable  of  being  explained  by  the  theory  of 


bypotbesis  of  Coulomb  however  accounts  for  it  in  a  very  simple  man- 
eminent  philosopher  considers  every  particle  of  iron  as  a  small 
pQMetiiog  a  north  and  a  south  pole  of  equal  intensity,  and  hence 
amCniBt  is  an  assemblage  of  such  infinitely  sipall  magnets,  having  their 
■jm'pnmllel  to  the  axis  of  the  great  magnet  which  they  compose,  in  the  same 
naaMT  ••  a  tourmaline  is  composed  of  a  number  of  elementary  crystals  disposed 
MfmmmMKmWj,  and  exhibiting  the  two  opposite  electricities.  When  there- 
I  •  firafment  is  Inoken  from  the  north  pole  of  a  magnet,  the  extremity  of  the 
nearest  the  neutral  point,  becomes  a  south  pole,  because  the  southern 
pohfilj  oC  the  particles  at  this  extremity  is  no  longer  counteracted  by  the  north- 
am  pohirity  of  the  other  particles  with  which  they  were  fbrmerly  in  contact. 

'litiMi  FMIotoglhkal  TrmuactUmt  for  18l6,  we  have  given  a  full  account  of  a 
Miet  off  rery  remarkable  phenomena  in  crystallized  glass,  which  are  precise- 
ly tlw  aame  aa  those  which  take  place  in  magnets.  A  rectangular  plate  of  gla^s, 
Plbslbar  it  ia  traniienUy  or  perniaoently  crystallized,  exhibits  in  its  action  upon 


v» 
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333.  Mr.  Prevost  of  Geneva,  in  a  dissertation  on  the  ori^     |^ 
gin  of  magnetic  forces,  endeavours  to  give  a  theory  viiidi 
obviates  the  only  difficulty  in  that  of  ^jnnus;  but  it  is  in- 
comparably more  complex,  employing  two  fluids,  which  hf     ^ 
their  union  compose  a  third,  which  he  calls  combined  flud. 
There  is  much  ingenuity,  and  even  mathematical  addicK, 
in  adjusting  the  relative  properties  of  those  fluids.    Bat 
some  of  them  are  palpably  incompatible;  ex,  gr.  the  puU- 
cles  of  each  attract  each  other,  but  those  of  the  other  land 
most  strongly ;   yet  they  are  both  elastic  like  mr.    This  is 
surely  inconceivable.— Granting  this,  however,  he  suits  Us 
different  attractions,  so  that  a  strong  elective  attraction  of 
the  oMnbined  fluid  fur  iron  dccfimposes  part  of  the  fluid  in 
the  iron,  and  each  of  its  ingredients  occupies  oppoale  ends 
of  the  bar :    then  will  the  bars  approach  or  recede,  aeoQid- 
ing  as  the  near  ends  contain  a  different  or  the  same  ingie- 
dient     All  this  is  operated  without  repulsion. 

But  the  whole  of  this  is  mere  accommodation,  like  JE|nmis\ 
but  so  much  more  complex,  that  it  requires  very  intense 
contemplation  to  follow  the  author  through  the  consequen- 
ces.    Add  to  this,  that  his  attractions  are  operated  by  aO" 
other  fluid,  infinitely  more  subtle  than  either  of  those  al- 
ready  mentioned,  every  particle  of  these  being,  as  it  were, 
a  world,  in  comparison  of  those  of  the  other.     In  short,  he 
adopts  all  the  extravagant  suppositions  of  Le  Sage  of  Ge^ 
neva,  and  every  thing  is  ultimately  impulsion.     Nor  is  th^ 
contrivance  for  obviating  the  difficulty  (so  often  mentioned) 
at  all  clear  and  convincing ;  and  it  is  equally  gratuitous  witb 


light,  m  north  pole  at  each  edge,  and  a  south  pole  in  the  middle ;  a  neutral  point 
lying  between  the  south  pole  and  each  north  one.  If  a  rectangular  slip  is  cat 
with  a  diamond  from  this  plate,  so  tliat  the  whole  slip  before  its  separation  may 
possess  only  northern  polarity,  yet  no  sooner  is  it  separated  than  it  exhibits  the 
same  properties  as  the  original  plate^  having  a  north  pole  at  each  edge,  and  a 
south  pole  in  the  middle.  For  farther  information  on  the  subject  of  this  ootCr 
see  Hauy's  Natural  PhUotophyf  toI.  it  p.  90.  PhiL  Trant,  1816,  pp.  82.  98, 99^ 
and  the  £i>imborcb  £iicTctopiDU,  Art  Heat,  voL  z.  p.  677.— >£o»^ 
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It     We  cannot  think  this  hypothesis  at  all  intitled 
name  ot  explanation 

'.  ^Iiis  must  serve  for  an  account  of  the  hypot)iesis  of 
as.  The  philosophical  reader  will  see,  that  however 
f  it  maj  tally  with  every  phenomenon,  it  cannot  be 
an  .explanation  of  the  phenomena;  because  it  is  the 
mena  which  explain  the  hypothesis,  or  give  us  the 
Aers  of  the  magnetic  fluid,  if  such  fluid  exists.  But 
e  not  obliged  to  admit  this  existence,  as  we  admit  that 
Ae  true  decyphering  of  a  letter  which  makes  sense  of 
h  that  case  we  know  both  parts  of  the  subject — the 
^ters  and  the  sounds ;  but  are  ignorant  which  corres- 
to  wUcb.  Did  we  see  a  fluid  abstracted  from  one 
fa  bar  and  constipated  in  anotlier,  and  perceive  the 
ction  and  constipation  always  accompanied  by  the  ob- 
1  attractions  and  repulsions,  the  rules  of  philosophical 
iakm,  nay,  the  constitution  of  our  own  mind,  would 
*  UB  ta  aangn  the  one  as  the  cause  or  occasion  of  the 
But  this  important  circumstance  is  wanting  in  the 
It  esse.  We  think,  however,  that  it  merits  a  close  at- 
n  ;  and  we  entertain  great  hopes  of  its  being  one  day 
etady  by  including  this  single  exception. 
the  same  time,  it  must  be  owned,  that  it  gives  no  ex- 
a  of  knowledge ;  for  it  can  have  no  greater  extension 
the  phenomena  on  which  it  is  founded,  and  cannot, 
lit  risk  of  error,  be  applied  to  an  untried  case,  of  u 
lisaimilar  in  its  nature  to  the  phenomena  on  which  it 
nded.  We  doubt  not  but  tliat  its  ingenious  author 
i  hare  said,  that  a  bit  broken  off  from  the  north  pole 
u^net  would  be  wholly  a  north  pole,  if  he  had  not 
1  that  the  fact  was  otherwise. 

i  this  hypothesis  greatly  aids  i\ye  imagination  in  coti- 
g  the  process  of  the  nuignetical  phenomena.  The 
we  study  them,  the  more  do  they  appear  to  resemble 
rotrusion  of  a  fluid  through  the  parts  of  an  obstructing 
It  proceeds  gradually.     It  may  be,  as  it  were,  over- 


344  XAGNETISlff. 

done,  and  regorges  when  the  propelling  cau$e  is  maoiu 
ed.  The  motion  is  Glided  by  what  we  know  to  aid  odxr 
obstructed  motions.  As  a  fluid  would  be  constipated  mall 
protuberances,  qo  the  faculty  of  producing  th^  phenonoMi 
IS  greater  in  all  such  situations,  &c  8cc.  This,  joined  to  tk 
impossibility  of  speaking,  with  clearness  of  oonoeptioDi  of 
the  propagation  of  powers  without^  the  protrusion  of  mbw- 
thing  in  which  they  inhere,  gives  it  a  hold  of  the  imif^ 
tion  which  is  not  easily  shaken  off. 

To  say  that  nothing  is  expkdned  when  theattncdoaof 
the  fluid  is  not  explained,  and  tliat  this  is  the  mainquesbmv 
gives  us  little  concern.     We  pfl*er  no  explanation  of  this  at- 
traction, more  than  of  the  attraction  of  gravity.    Tliere  is 
nothing  contrary  to  the  laws  of  human  intellect,  aothiog  in- 
consistent with  the  rules  of  reasoning,  in  saying,  that  things 
are  so  constituted,  tliat  when  two  particles  are  together,  they 
separate,  although  we  arc  ignorant  of  the  immediate  canie 
of  tlieir  separation.     Those  who  think  that  .all  motion  b  per- 
formed by  impulsion,  and  wlio  exphun  magnetism  by  a  streaD 
of  fluid  circulating  round  tlic  magnet,  must  have  another 
fluid  to  impel  this  fluid  into  its  curvilineal  path ;  for  they 
insist,  that  the  planets  arc  so  impelled.     Then  they  must 
have  a  third  fluid  to  deflect  the  vertical  motions  of  the  second, 
and  so  on  without  end.     This  is  evident,  and  it  is  absurd. 

325.  We  conclude  with  desiring  the  reader  to  remark, 
that  the  explanation  which  we  have  given  of  the  magnetical 
phenomena  is  independent  of  the  hypothesis  of  yEpinus,  or 
any  hypothesis  whatever.  We  have  narrated  a  variety  of 
very  distinguishable  facts,  and  have  marked  their  distinc- 
tions. We  have  been  able  to  reduce  them  to  general  clas- 
ses ;  and  even  to  groupe  those  classes  into  others  still  more 
general ;  and  at  last,  to  point  out  one  which  is  discoverable 
in  them  all.  This  is  giving  a  philosophical  theory,  in  the 
strictest  sense  of  the  word ;  because  we  shew,  in  every  case, 
the  modification  of  the  general  fact  which  allots  it  this  or 
that  particular  place  in  that  classification.    Thus  we  have 
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hm  that  the  polarity  or  directive  power  of  magnets  is  on- 
pr  SBiodificatioa  of  the  general  fact  of  attraction  and  repul- 
OB.  Dr.  Gilbert's  theory  of  lerreHrial  magnetism  is  in- 
sad  •  hypothesis,  and  we  enounced  it  as  such.  It  only 
aaaiftprobahility,  and  we  apprehend  that  a  very  high  de- 
nse of  cndit  will  be  given  to  it 

Wie  hope  that  many  of  our  readers  will  have  their  curi- 
niy  CBcked  by  t^e  account  we  have  given  of  iSpinus's 
Aeoiy.  To  audi  we  earnestly /ecommend  the  serious  peru- 
ll  of  hiihnnlf  Tcniamen  Tiearus  Electricitatis  et  Magneiismi^ 
}mlL  F»  JBfAu^  Petrqwlt,  1759.  Van  Swinden  has  includ- 
Ls  wy  good,  abstract  of  it  in  his  2d  volume  Sur  tElec- 
kUf  wrkten  by  Professor  Steiglehner  of  Ratisbon  or  In- 
lldatadt  The  mathematical  part  is  greatly  simplified, 
id  the  whole  b  presented  in  a  very  clear  and  accurate  man- 
ear.  Mr.  Van  Swinden  is  a  professed  foe  to  all  hypothes- 
I ;  bat  he  it  not  moderate,  and  we  wish  that  we  could  say 
lat  he  is  candid.  He  attacks  every  thing ;  and  takes  the 
pportiinMjy  af  every  analc^  pointed  out  by  iEpinus  be- 
ireep  mBgud&aa  and  electricity  to  repeat  the  first  senteua* 
Phis  dissertation,  namely,  that  magnetism  and  electricity 
le  not  th^  same ;  a  thing  that  :£pinus  also  maintains.  But 
t  even  charges  iGpinus  with  a  mistake  in  his  fundamental 
piationsy  which  invalidates  his  whole  theory.  He  says 
lat  £{Hnus  has  omitted  one  of  the  acting  forces  assumed 
ilua  hypothesis.  This  is  a  most  grounclless  charge;  and 
e  own  that  we  cannot  conceive  how  Van  Swinden  could 
U  mto  such  a  mistake.  The  Abbe  Hauy  of  the  French  Aca- 
soy  has  also  published  an  abridgment  of  ilSpinus's  tlieory. 
ith  many  excellent  remarks,  tending  to  clear  the  theory 
'the  only  defect  that  has  been  found  in  it  This  work 
M  much  approved  of,  and  recommended  by  the  Academy, 
^e  hare  not  had  the  good  fortune  to  see  a  copy  of  it  *. 

'Tluf  excenent  work,  which  we  would  recommend  to  tliose  who  are  not  much 
Md  in  iiMUiieaiatical  knowledge,  is  entitled  ExposUion  raUonnie  de  la  'ITtforie 
^Ekdrieitc  et  du  MagnOUmefd^t^es  iesfHncipa  de  M.  ^.plnm^  Parity  1T87. 
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326.  The  reader  cannot  but  have  remarked  the  close 
analogy  between  the  magnetical  phenomena  and  those  of  in- 
duced electricity ;  indeed,  all  the  phenomena  of  attraction 
and  repulsion  are  the  same  in  both.  The  mechanical  com- 
position of  those  actions  produces  a  directive  power  and  a 
polarity,  in  electrical  as  well  as  in  magnetical  bodies.  We 
can  make  an  electrical  needle  which  will  arrange  itself,  with 
respect  to  the  overcharged  and  undercharged  ends  of  a  body 
electrified  by  mere  position^  just  as  a  compass  needle  is  ar- 
ranged by  a  magnet.  We  can  touch  a  stick  <^  stealing  wax  in 
the  manner  of  the  double  touch,  so  as  to  give  it  poles  of  con- 
siderable force  and  durability.  As  a  red  hot  steel  bar  acquires 
permanent  poles  by  quenching  it  near  a  magnet,  so  melted 
wax  accquires  them  by  freezing  in  the  neighbourhood  of  a 
podtive  and  negative  electric.  Some  have  inferred  a 
sameness  of  origin  of  these  two  spedes  of  powers  from  those 
various  circumstances  of  resemblance;  but  the  original 
causes  seem  to  be  distinct  on  many  accounts.  Electricity 
is  common  to  all  bodies.  The  cause  of  magnetism  can  oper- 
ate only  on  iron.  Although  lightning  or  an  electrical  shock 
^ves  polarity  to  a  needle,  we  need  not  infer  the  identity  of 
the  cause,  because  the  polarity  which  it  gives  is  always  the 
same  with  that  given  by  great  heat ;  and  there  is  always  in- 
tense heat  in  this  operation.  The  phenomenon  which  looks 
the  most  like  an  indication  of  identity  of  the  origin  of  elec- 
tricity and  magnetism  is  the  direction  of  the  rap  of  the  au- 
rora borealis— they  converge  to  the  same  point  of  the  hea- 
vens to  which  the  elevated  pole  of  the  dipping  needle  directs 
itself.  But  this  is  by  no  means  a  sufficient  foundation  for 
establishing  a  sameness.  Electricity  and  magnetism  may, 
however,  be  related  by  means  of  some  powers  hitherto  un* 
known.  But  we  are  decidedly  of  opinion,  that  the  electric 
and  magnetic  fluid  are  totally  different,  although  their  me- 
chanical actions  are  so  like  that  there  is  hardly  a  phenome- 
non in  the  one  which  has  not  an  exact  counterpart  in  the 
other.    But  we  see  them  both  operating,  with  all  their 


MACKBTISM.  1347 

dudnetion,  in  the  same  body ;  for  iron  and  load* 
7  be  deetrifled,  like  any  other  body,  and  their  mag^ 
iffien  no  change  or  modificatibn.    We  can  set  these 
•  in  ioppoittion  or  oompoflitimi)  just  as  we  can  op- 
umpiwiid  gravity  with  ieither.    Wlule  the  iron  fil- 
UTBOging  themsriTes  round  a  magnet,  the  mechani- 
a  of- dbeiricity  may  be  employed  either  to  promote 
V  the  arrangement.     They  are  therefore  distinct 
iohnent  in  different  subjects. 
Boidiere  are  abundance  of  other  phenomena  which 
is  dmr»ty.    Tbm  b  nothing  in  magnetism  Uke  a 
■ndunrged  or  undercharged  m  foCo.    There!  is  no- 
■jh  indiealea  the  presence  of  the  fluid  to  the  other 
•Bodiing  like  the  spailc,  the  snap,  the  visible  (fissipa- 
seauae  the  magnetic  fliiid  enters  into  no  union  with 
any  timg  but  iron*    There  is  nothing  resembKng 
BOBoafadbly  rapid  motion  which  we  see  in  electri- 
be  qtndcsit  motion  of  magnetism  seems  inferior  (even 
i)  to  the  slowest  motion  along  any  elec- 
Therefore  there  is  no  posMbility  of  dis- 
f  m  magnet  as  we  discharge  a  coated  plate.    Indeed, 
■nllianoe  between  a  magnet  and  a  coated  plate  of 
exceedingly  slight.     The  only  resemblance  is  be- 
hJs  magnet  and  an  inconceivably  thin  stratum  of  the 
rUdi  stratum  is  pomtive  in  one  side  and  negative  in 
or.     The  only  perfect  resemblance  is  between  the  in- 
nagnedsm  of  common  iron,  and  the  induccd^lcctri. 
a  conductor. 

ibllowing  seem  the  most  instructive  dissertations  on 
IBB,  either  as  valuable  collections  of  obserxiitions,  or 
nous  reasonings  from  them,  or  as  the  speculations  of 
t  or  ingeiuous  men  concerning  the  nature  of  magnet- 

eitus  de  Magnete,  Lond.  1600,  foi. 
tak  Tentamen  Theorias  Magn.  et  Electr. 
Iliafd'a  Tentem.  Theor.  Magnetismi  li20. 
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Dissertations  sur  I'aim&nt,  par  du  Fay,  1738. 

Muschenbroek  Dissert  Phjruoo  Experimentalis  de  Mag* 
oete. 

Pieces  qui  ont  emport^  le  prix  de  TAcad.  des  Sciences  a 
Paris  sur  la  meilleure  construction  des  Boussoles  de  declina- 
tion.    Recueil  des  pieces  couronn^es,  tom.  ▼. 

Euleri  opuscula,  torn.  iii.  continens  Theoriam  Magnetis, 
Berlin,  1751. 

iEpini  Oratio  Academica,  1758. 

^pini  item  Comment  Petn^  nov.  torn.  x. 

Anton.  Brugmanni  tentam.  Phil,  de  materia  Magnetica, 
Francquerse,  1765. 

There  is  a  Genqan  translation  of  this  work  by  Eisenbach, 
^itb  many  very  valuable  additions. 

Scarella  de  Magnete,  2  torn.  fol. 

Van  Swinden  Tentamina  Magnetica,  4ta 

Van  Swinden  sur  TAnalogie  entre  les  phenomenes  Elec- 
triques  et  Magnetiques,  3  torn.  8va 

Dissertation  sur  les  Aimans  artificielles  par  Antheaume. 

^Experiences  sur  l^s  Aimuns  artificiell^  par  Nicholas,  Fuss, 
1788. 

Essai  sur  FOrigine  des  Forces  Magnetiques  par  Mr.  Pre- 
vost. 

Sur  les  Aimans  artificielles  par  Rivoir,  Paris,  1752. 

Dissertatio  de  magnetismo  par  Sam.  Klingenstier  et  Jo. 
Brander,  Holm.  1752. 

Description  des  Courants  Magnetiques,  Strasbourg,  1753. 

Traite  de  TAiman  par  Dalance,  Amst  1687. 

Besides  these  original  works,  we  have  several  disserta- 
tions on  niagnetical  vortices  by  Des  Cartes,  Bernoulli,  Euler, 
Du  Tour,  &c.  published  in  the  collections  of  the  works  of 
those  authors,  and  many  dissertations  in  the  memoirs  of  dii*- 
ferent  academies ;  and  there  are  many  popular  treatises  by 
the  traders  in  experimental  philosophy  in  London  and  Paris. 
Dr.  Gowin  Knight,  the  person  in  Europe  who  was  most 
(eminently  skilled  in  the  knowledge  of  the  phenomena,  also 
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iVfahed  a  disaertadcm  intitled,  Jn  attempt  to  explain  the 
ImnoHi  of  Nature  hjf  two  principles^  Attraction  and  Repul- 
m,  Load.  1748,  4to,  in  which  he  has  included  a  theory  of 
ii|Mti0ii  It  is  a  very  curious  work,  and  should  be  stu- 
U  by  all  those  who  have  recourse  without  scruple  to  the 
fMj  of  invisible  fluids,  when  they  are  tired  of  patient 
ibkliig.  They  would  there  see  what  thought  and  combi* 
ition  are  necessary  before  an  invisible  fluid  can  be  rcaUy 
itcd  for  performing  any  office  we  choose  to  assign  it.  And 
itsjF  win  git  real  instruction  as  to  what  services  we  may  ex- 
act of  meh  agents,  and  from  what  tasks  they  must  be  ex- 
ited. The  Doctor^s  theory  of  magnetism  is  very  unlike  the 
ittf  the  perfbrmance ;  for  he  does  not  avail  himself  of  the 
It  qiprntos  of  propositions  which  he  had  established^  and 
opts  without  any  nice  adjustment  the  most  common  no- 
us of  .an  impulsive  vortex.  Both  the  production  and 
rintflmanfflt  of  this  vortex,  and  its  mode  of  operation,  are 
aoondleabk  irith  the  acknowledged  laws  of  impulsion*. 


nieWy  ind  cobilt,  have  generally  been  regarded  as  Uie  only 
tkwbkhwn  ■wgncCic.  M.  Coulomb,  boweTer,  in  the  month  of  May,  ISOS* 
iHMtf  tolte  Katiraal  Institute  of  Prance,  that  when  small  needlei  about 
B  ■illiiytiiii  long,  and  about  half  a  millimetre  thick,  and  made  of  any  sul- 
f  aifllnwr,  were  suspended  between  the  two  opposite  poles  of  two  strong 
ttt^  tfacj  always  arranged  themselves  in  the  line  joining  the  poles.  The 
lai  vAieh  ma  tried,  were  made  of  gold,  siWer,  lead,  copper,  tin,  glass,  nv^od, 
1^  boBta  mud  ottier  organic  and  inorganic  substances.  Tbe  only  way  of  ex- 
liig  thii  femarkable  fact,  is  to  suppose  either  that  all  substances  iu  nature 
or  Uiat  they  owe  this  property  to  the  presence  of  a  quantity  of  iron 
metaly  too  small  to  be  ascertained  by  chemical  tests.  Some 
tCKperimeiits  were  repeated  by  Dr.  Thomas  Yuung  at  the  Royal  Institu- 
nr  of  Coulomb,  which  contains  an  account  of  these  discoveries, 
bocn  pnblished ;  but  M.  Biot,  who  had  access  to  it,  has  given  a  full 
tof  the  leading  results  in  his  TraiU  de  Pkytique,  torn.  iii.  chap.  ix.  p.  1 17. 
tfeader  will  find  the  subject  fully  treated  in  the  article  MACi^tTisM 
t  Edimboscb  EtccYciopAnu.--*-£D. 


APPENDIX. 


INVESTIGATION  OF  THE  MAGNETIC  CURVES. 

I  HAVE  been  favoured  with  the.  following  investigation 
of  the  curveiB,  to  which  a  needle  of  ind^nite  minuteness 
will  be  a  tangent,  by  Mr.  Playfair,  Professor  of  Mathema* 
ties  in  the  University  of  Edinburgh. 

Two  magnetical  poles  being  given  in  position,  the  force 
of  eaeh  of  which  i^  supposed  to  be  as  the  mth  power  of  the 
distance  from  it  reciprocally,  it  is  required  to  find  a  curve^ 
in  any  point  of  which  a  needle  (indefinitely  short)  being 
placed,  its  direction,  when  at  rest,  may  be  a  tangent  to  the 
curve? 

1.  Let  A  and  B  (Plate  IV.  fig.  SI.)  be  the  poles  of  a  mag- 
net, C  any  point  in  the  curve  required ;  then  we  may  sap- 
pose  the  one  of  these  poles  to  act  on  the  needle  only  by  re- 
pul^on,  and  the  other  only  by  attraction,  and  the  direction 
of  the  needle,  when  at  rest,  will  be  the  diagonal  of  a  paral- 
lelogram, the  sides  of  which  represent  these  forces.  There- 
fore, having  joined  AC  and  BC,  let  AD  be  drawn  parallel 

to  BC,  and  make  "Tcw  •  BCw  •  •  ^^ '  ^*^ » i^^  ^^>  ^^" 
CDF  will  touch  the  ciure  in  C. 
3.  Hence  an  expression  for  AF  may  be  obtained.     For, 

ACw+i 
by  the  construction,  AD  =:  g^^j — ,  and  since  BC  :  AD  :  : 

BF  :  FA,  and  BC  —  AD  :  AD  :  :  AB  :  AF,  we  have  AF 

AB  X  AC>«-n 
^BC«+i— AC'wtr 


/ 
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A  fluxionaiy  expresdon  for  AF  may  also  be  found  in 
of  the  anises  CAB,  ABC.  In  CF  take  the  indefi- 
oaall  part  CH,  draw  AH,  BH,  and  from  C  draw  CL 
idkmlar  to  AH  and  CK  to  BH.  Draw  also  B6  and 
i  right  angles  to  FH.  Let  the  angles  CAB  =:  ^,  and 
s^;  then  CAH  =  ^  and  CBH  =  — ^;  also  CL 
I  X  f.<UKl  CK:=  —  BC   X  ^.     Now  HC  :  CL  :  : 

MI  =r  ■    jiQ — ;  and  for  the  same  reason  BG  =  — 

r—    Therefore  since  AF  :  FB  :  :  AM  :  BG,  AF  : 

ACsXf  BC*x^        , 

[g       :  —      ^Q — y  and  AF  :  AB  : :  sin.  i^*  p 

B.  4^f  -^  aan.  •«  4,;  wherefore  if  AB  =0,  AF  = 

[f  tUi  Yrinie  of  AF  be  put  equal  to  that  already  found, 
wutaj  fl^Hlion  will  be  obtained,  by  the  int^^ation 
flb  Ito  conre  may  be  constructed.  Because  AF  = 
X  ACNH-l  a  sin.  ^ 

l^AC^i^  and  smce  AC  =  ^1^(^+10' 
lauL  0 
i9  4- ^  V  ^®  ^^^^  ^^  substitution  AF  = 

m»  4^<M-l  a  p  sin.  -^^ 

ti  — sm.^'MTi  =  —  ^  sin.  ^»  +  ^  sm.  >{.»•    Hence, 

X  4  «»•  ^  *^^  +  f  an.  ^  »»^3  =  —  sin.  ^»  x  f  sin. 

(.  f  till.  ^  «+5,  imd  therefore  4  ai^  ,^  ♦»-!  =  —  ^  sin. 

;  and  al80,y*4  sin.  ^  «»-i  +y*^  sin.  p  m-i  =  C. 

niese  fluents  are  easily  found  when  m  is  any  whole 

a  number. 

[f  M  =  1,  we  have  4^  +  f  =  0. 
M  =  89  4'  «"•  ^  +  f  sin.  ^  =  0 

m  =  3,  1^  sin.  >f *  +  f  sin.  ^»  =  o. 

m  =  4^  g;  sin.  >^5  4-  ^  sin.  1?  =  o,  &c. 

Therefore,  &c. 
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.  Also  ifm=l,  ^  +  ^^=:C. 

m  =  2,  COS.  p  -|.  COS.  1^  =  C. 

TO  =  3,  — sin.  8f  +  2f— sin.  2.^  +  2^=  C- 

iw  =4,  oos.3f  —  9co6.f  +C08.3.  ^/'  —  9. 

COS.  ^  =  C,  &c.  &C. 

The  first  of  the  above  equations  belongs  to  a  segment 
of  a  circle  described  upon  A6,  which  therefore  would  be  the 
curve  required  if  the  magnctical  force  were  inversely  as  the 
distances. 

If  the  magnetical  force  be  inversely  as  the  square  of  the 
distance,  that  is,  if  m  =  2,  cos.  P  +  cc».  ^^  is  equal  to  a  con- 
stant quantity.     Hence  if,  beside  the  points  A  and  B  any 
other  point  be  given  in  the  curve,  the  whole  may  be  describ- 
ed.     For  instance,  let  the  point  E  (Plate  IV.  fig.  22.)  be 
given  in  the  curve,  and  in  the  line  DE  which  bisects  AB  at 
right  angles.     Describe  from  the  centre  A  a  circle  through 
E,  viz.  QER ;  then  AD  being  the  cosine  of  DAE  to  the  ra- 
dius AE,  the  sum  of  the  cosines  of  f  x  "f  ^1  be  everywhere 
(to  the  same  radius)  =  2  AD  =  AB.  Therefore  to  find  £\ 
the  point  in  which  any  other  line  AN,  making  a  given  angle 
with  AB,  meets  the  curve,  draw  from  N,  the  point  in  whicli 
it  meets  the  circumference  of  the  circle  QER,  NO,  perpen- 
dicular to  AB,  so  that  AO  may  be  the  cosine  of  NAO,  and 
from  O  toward  A  take  OP  =  AB,  then  AP  will  be  the  co- 
sine of  the  angle  ABE' ;  so  to  find  BE'  draw  PQ  perpendi- 
cular to  AP,  meeting  the  circle  in  Q ;  join  AQ,  and  draw 
BE'  parallel  to  AQ,  meeting  AE'  in  E',  the  point  E'  is  in 
the  curve.     In  this  way  the  other  points  of  the  curve  may 
be  found. 

The  curve  will  pass  through  B,  and  will  cut  AB  at  an 
angle  of  which  the  cosine  =.  RB.  If  then  E  be  such,  that 
AE  z=  AB,  the  curve  will  cut  AB  at  right  angles*  If  E" 
be  more  remote  from  A,  the  curve  will  make  with  AB  ai> 
obtuse  angle  toward  D ;  in  other  cases  it  will  make  with  it 
an  acute  angle. 
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AoonstructioQ  somewhat  more  expeditious  may  be  had 
t  describing  the  semicircle  AFB,  cutting  A£  in  F,  and 
£'  in  Ny  and  describing  a  circle  round  A,  with  the  dis- 
Oce  AL  =  8  AF,  cutting  A£'  in  b.     If  BG  be  applied 

the  semicircle  AFB  =  N  &,  BG  must  cut  AN  in  a  point 
'  of  the  curve,  because  AN  •)-  BG  =  2  AF,  and  AN  and 
B  are  cosines  of  the  angles  at  A  and  B. 
As  tlie,lines  AN  and  BG  may  be  applied  cither  above  or 
low  AB^  there  is  another  situation  of  their  intersection  E'. 
lius  A  ft  being  applied  above,  and  Bg*  below,  the  interseo 

0  is  in  c'.     The  curve  has  a  branch  extending  below  A ; 

1  if  D  e  be  made  =  D£,  and  B  e  be  drawn,  it  will  be  an 
ymyUAe  to  this  branch  There  is  a  similar  branch  bc- 
r  B.  But  these  portions  of  the  curve  evidently  suppose 
oppontedirecUon  of  one  of  the  two  magnetic  forces,  and 
mfoe  hwe  no  connection  with  the  position  of  the  needle. 


&    IT. 


VARIATION  OF  THE  COMPASS*. 


The  varwtion  of  the  Compass^  is  the  deviation  of  tlie 
magnetic  or  mariner^s  needle  from  the  meridian  or  tne 
tiorth  and  south  line.  On  the  continent  it  is  called  the  A- 
clviation  qf  the  magnetic  needle ;  and  this  is  a  better  term 
for  reasons  which  will  aflerwards  appear. 

Our  readers  know,  that  the  needle  of  a  mariner's  compos 
is  a  small  magnet,  exactly  poised  on  its  middle,  and  turmng 
freely  in  a  horizontal  direction  on  a  sharp  point,  so  that  it 
always  arranges  itself  in  the  plane  of  the  magnetic  action. 

About  the  time  that  the  polarity  of  the  magnet  was  fint 
observed  in  Europe,  whether  originally,  or  as  imported  from 
China,  the  magnetic  direction,  both  in  Europe  and  in  China, 
was  nearly  in  the  plane  of  the  meridian.  It  was  therefore  an 
inestimable  present  to  the  mariner,  giving  him  a  sure  direc- 
tion in  his  coarse  through  the  patiiless  ocean.  But  by  the 
time  that  the  European  navigators  had  engaged  in  thdr  ad- 
venturous voyages  to  fiur  distant  shores,  the  deviation  of  the 

*  It  if  neeetsary  to  remind  the  reader,  that  the  fbllowiDg  article  OD  the  Va- 
aiATioii  OF  T»  Compass,  was  pnblishod  acootiderable  tima  before  the  aitick 
oo  MAOMtTisai.^Et). 
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)ff»d)e  fiippi  t)if9  iqeKi4iap,  was  very  s^x^siblp  evea  in, 
IMi^  i|t  i4j||QiiiewI»t  sttsprising  that  the  ]|>qtdi  and 
pD  iinTigMqpra.4^'  Mt  pbqenre  it  on  th^r  own  opas^s. 
qC  Cc^wbu^  ppsitivelj  a#y%  that  it  was  observed 
litter  ip,  his  first  voyage  to  America,  and  made  his 
ffi  ,ap  #axioas  lest  they  should  not  find  the  way 
a  to  tb^  own  oountry,  that  they  mutinied  and  re* 
jmcpid    It  is  «i|i|fln«ng  that  #ny  ^uld  doubt  of 
liqjivwn  to  this  odipbrated  navigator,  because  he  even 
i|.tO4ND0Qii9tfor  it  by  suf^posiog  the  needle  to  be  aU 
fi^  to  «  fixed  ppiot  oi  the  heavens,  different  from  the 
f^imd^y  which  he  cfdis  thepoifil  of/roctf^^^  It  is  at  any 
bp^  UmK  Ciooziiles  Oviedo  and  Sebastian  Cabot  ob- 
poillifnr  voyages.    Indeed  it  could  not  possibly  es- 
lljftrWvQipie  parts  of  their  several  tracks  the  needle 
i/U^^  jdjEgrees  from  the  meridian;  and  the  rudest 
Hpjlgi^l^ad^  on  the  suppodtion  of  the  needle  point- 
MlAinA  V^^  !^us^  ^^^  thrown  the  navigators 
|tai[|K  jiQpfasion.     It  would  indeed  be  very  diffi- 
PikJEqiprepfHred  tor  this  source  of  error,  to  make 
UrJPH?9^  at  its  quantity,  till  they  got  to  some  place 
^f^fif!^  they  could  draw  a  meridian  line.     But  we 
\r  fpberyal  trigonometry  was  at  that  time  abun- 
PlSv  to  the  mathematicians  of  Europe,  and  that 
^inretenjdle^  to  take  the  command  of  a  ship  bound 
K  fqrt  that  was  not  much  more  informed  in  this 
iu&  jmost  masters  of  ships  are  now-a-days.  It  could 
^  therefore,  before  the  methods  were  given  them 
ering  the  varii^tion  of  the  compass  by  observation 
n^xs  and  Azikutbs,  as  is  practised  at  present 
nation  of  the  ocunpass  from  the  meridian  was  pot 
iJDowed  by  mathematicians,  who  had  not  yet  bc- 
Hbfe  of  the  neoeauty  of  quitting  the  Aristotelian 
i«id  investigating  nature  by  experiments.    They 
tm  to  charge  the  navigators  with,  inaccuracy  in 
nations  than  the  schoolmen  with  error  in  princi- 
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pies.  Pedro  de  Medina  at  Valladolid,  in  his  Arte  de  No- 
vif^r^  published  in  1545,  positively  denies  the  variation  of 
the  compass.  But  the  concurring  reports  of  the  command- 
ers of  ships  on  distant  voyages,  in  a  few  years,  obliged  the 
landsmen  in  their  closets  to  give  up  the  point ;  and  Martin 
Cortez,  in  a  treatise  of  navigation,  printed  at  Seville,  before 
1556,  treats  it  as  a  thing  completely  established,  and  gives 
rules  and  instruments  for  discovering  its  quantity.  About 
the  year  1580  Norman  published  his  discovery  of  the  dip  of 
the  needle,  and  speaks  largely  of  the  horizontal  deviation 
from  the  plane  of  the  meridian,  and  attributes  it  to  the  at- 
traction of  a  point,  not  in  the  heavens,  but  in  the  earth, 
and  describes  methods  by  which  he  hoped  to  find  the  place. 
To  the  third,  and  all  the  subsequent  editions  of  Norman's 
book  (called  the  new  attractivej^  was  subjoined  a  dissertation 
by  Mr.  Burroughs,  comptroller  of  the  navy,  on  the  varia- 
tion of  the  compass,  in  which  are  recorded  the  quantity  of 
this  deviation  in  many  places ;  and  he  laments  the  obstacle 
which  it  causes  to  navigation  by  its  total  uncertainty  previous 
to  observation.  The  author  indeed  ofibrs  a  sort  of  rule  for 
computing  it  a  priori^  founded  on  some  conjecture  as  to  its 
cause ;  but,  with  the  modesty  and  candour  of  a  gentleman, 
acknowledges  that  this  is  but  a  gqess,  and  intreats  all  na- 
vigators to  be  assiduous  in  their  observaUons,  and  liberal  in 
communicating  them  to  the  public;  conjuring  them  to  con- 
i^der,  that  an  interested  regard  to  their  own  private  advan- 
tage, by  concealing  their  knowledge,  may  prove  the  ship- 
wreck of  thousands  of  brave  men.  Accordingly  observations 
were  liberally  contributed  from  time  to  time,  and  were  pub- 
lished in  the  subsequent  treatises  on  navigation. 

But  in  1 635  the  mariners  were  thrown  into  a  new  and 
great  perplexity,  by  the  publication  of  a  Discourse  mathema-- 
ileal  on  the  variation  of  the  Magnetical  Needle^  by  Mr.  Henry 
Gillebrand,  Gresham  professor  of  astronomy.  He  had  com- 
pared the  variations  observed  at  London  by  Burroughs^ 
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itato*,  and  lunuelf,  and  found  that  the  north  end  of  the 
■liiker^a  needle  was  gradually  drawing  more  to  the  west- 
■d.  -  For  Nonnan  and  Burroughs  had  observed  it  to  point 
out  11  j>  degrees  to  the  east  of  the  north  in  1580 ;  Gunter 
and  iU  deviation  only  6^  in  1629,  and  he  himself  had  ob- 
md  only  4°  in  1634 ;  and  it  has  been  found  to  deviate 
and  mote  to  the  westward  ever  since,  as  may  be  seen 
tiia  following  little  table  in  Waddington's  Navigation. 

Variation  at  London. 


'  1576  Nonnan 
1580  Burroughs 
1682  Gunter 
1634  Gillebrand 
1668 
1666  Sellers 

i6fn> 

18» 
1900 
17W 
1740 
1760 


ll«»15'East 
11  17 

6  13 

4  5 

0  0 

0  34  West 

2  06 

2  30 

9  40 
13  — 
16  10 
19  30 
22  20 
22  11 
24  8.4 
24  8.6 
24  10.2 
24  10 
24  12  2" 


1774 
•1778  Phil.  Trans. 
1804  June,  Phil.  Trans. 

1806  June,  Phil.  Trans. 

1807  Sept  Phil.  Trans. 

1808  PhiL  Trans. 

1811  Sept  PhU.  Trans. 

1812  October,  PhiL  Trans.  24  16  30 

1813  June,  CoL  Beaufoy   24  22  17 

1814  June,  Ditto  24  22  48 

1815  June,  Ditto  24  27  18 
1815  June,  PhiL  Trans.     24  18 

BaMWWofUie  vanation  after  1778,  bars  been  added  prioclpalfr 
tba  AtfMfMMl  TVoMorttou.— En. 
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Mr.  Bond,  teacher  oF  math  matics  in  London^  and  emplo}'. 
od  to  take  care  of  and  improve  the  ifflj^re&sions  of  the  po- 
pular treatises  of  navigation,  about  the  1650,  declared,  in  a 
work  called  the  <<  Seahian^s  Ktdenddr,**  that  he  had  discover- 
cd  the  true  progriees  of  the  deviiotion  of  the  compass;  and 
published  in  another  work,  called  the  «  Longitude  Found,'' 
h  table  of  the  variation  for  50  years.  This  was  however  a 
very  gratuitous  sort  of  pr6gnostication,  not  foukided  on  any 
well-grounded  principles ;  and  though  it  tallied  very  well 
with  tlie  observations  made  in  London,  which  showed  a  gra- 
dual motion  to  the  westward  at  the  rate  of —.18  annually, 
by  no  means  agreed  with  the  observations  made  in  other 
places.     See  Phil.  Trans.  1668. 

But  this  glad  news  to  navigators  soon  lost  its  credit :  for 
the  inconsistency  with  observation  appeared  m6re  and  more 
every  day,  and  all  were  anxious  to  discover  soine  general 
rule,  by  which  a  near  guess  at  least  might  be  made  as  to  the 
direction  of  the  needle  in  the  most  frequented  seas.  Mr.  Hal- 
ley,  one  of  the  first  geometers  and  most  zealous  philosophers 
of  the  last  century,  recommended  the  matter  in  the  most  car« 
nest  manner  to  the  attention  of  Government;  and,  after  much 
unwearied  solicitation,  obtained  a  sliip  to  be  sent  on  a  voyage 
of  discovery  for  this  Very  purpose.  He  got  the  command  of 
the  ship,  in  which  he  repeatedly  traversed  the  Atlantic 
Ocean,  and  went  as  far  as  the  50th  degree  of  southern  lati- 
tude. Sec  his  very  curious  speculations  on  this  subject  in 
the  Phil.  Trans.  1683  and  1602. 

After  he  had  collected  a  prodigious  number  of  observations 
made  by  others,  and  compared  them  with  his  own,  he  pub- 
lished in  1700  a  synoptical  account  of  them  in  a  very  inge- 
nious form  of  a  sea  chart,  where  the  ocean  was  crossed  by  a 
number  of  lines  passing  through  those  places  where  the  com- 
pass had  the  same  deviation.  Thus,  in  every  point  of  one 
line  there  was  no  variation  in  1700  ;  in  every  point  of  an- 
other line  the  compass  had  20  degrees  of  east  variation ; 
and  in  every  point  of  a  tliird  line  it  had  309  of  west  varia* 
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ioik  Tliese  lines  have  onoe  been  called  Hdly<m,  ItnUf  or 
■rret.  This  ehart  was  received  mth  universal  applause,  and 
ras  mdoabtedly  one  of  the  most  valuable  presents  that  sci- 
ace  baa  made  to  the  arts.  But  though  recommended  with 
11  the  earnestness  which  its  importance  merited^  it  was  of- 
iewl  wMx  the  candour  and  the  caution  that  characterises  a 
m1  philosopher  ardently  zealous  for  the  propagation  of  true 
loMMikdge.  Its  illustrious  author  renunds  the  public  of  the 
inaecmqf  of  bbservadons  collected  from  every  quarter, 
nuBjraf  them  made  by  persons  not  sufficiently  instructed, 
nor  jpnmded  with  proper  instruments;  many  also  without 
datesb  and  most  of  them  differing  in  their  dates,  so  that 
niiie  reduction  was  necessary  for  all,  in  order  to  bring  them 
lo  a  cammon  epoch ;  and  this  must  be  made  without  having 
anunqoeationable  principle  on  which  to  proceed.  He  said, 
thai  he  fUnly  saw  that  the  change  of  variation  was  very 
diflereufc  hi  fifierent  places,  and  in  the  same  place  at  differ- 
ent tbncai  nd  confesses  that  he  hod  not  discovered  any  ge- 
neral priDcqiie  by  which  these  changes  could  be  connected 

Halle^a  Variation  Charts  however,  was  of  immense  use ; 
bat  it  beeame  gradually  less  valuable,  and  in  1745  was  ex- 
cteeduig^y  erroneous.  This  made  Messrs.  Mountain  and 
iDddaon,  fellows  of  the  Royal  Society,  apply  to  the  Admi- 
Mkj'  and  to  the  great  trading  companies  for  permission  to 
mspeet  their  records,  and  to  extract  from  them  the  observa- 
lagim  of  ihe  variations  made  by  their  officers*  They  got  all 
the  asristance  they  could  demand ;  and,  after  having  com- 
pared above  50,000  observations,  they  composed  new  varia- 
tion charts,  fitted  for  1745  and  1756. 

The  poUrity  of  the  magnetic  needle,  and  a  general  though 
iBtricate  ocmnection  between  its  positions  in  all  parts  of  die 
woridy  naturally  causes  the  philosopher  to  speculate  about 
its  caii8e4  We  see  that  Cortez  ascribed  it  to  the  attraction 
ef  an  eccentric  point,  and  that  Bond  thought  that  this  point 
was  placed  not  in  the  heavens,  but  in  the  earth.  Thb  no- 
tion Doade  the  basis  of  the  famous  Theory  of  Magnetism  of 
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Dr.  Gilbert  of  Colclicstcr,  tlic  first  specimen  of  ctpennMil< 
tal  philosophy  which  has  b^en  given  to  the  public  It  wis 
publiahed  about  the  year  1 600 :  he  was  an  intimate  aoquntt- 
ancc  of  the  great  experimental  philosopher  .Jor4  BaooOi  ud 
proceeded  entirely  according  to  the  plan  laid  down  by  thtt 
illustrious  leader  in  his  iVbi^ian  Organum  SciaAianuu 

Gilbert  asserted  that  the  earth  was  a  great  magneli  nd 
that  all  the  phdnomena  of  the  mariner's  compass  wen  tbs 
effects  of  this  maguetiBm.      He  shewed  at  least  that  theie 
phenomena  were  precisely  such  as  would  result  from  sudi  i 
constitution   of  the  earth ;  tliat  is,  tliat  tlie  poaUons  of  the 
mariner's  needle  in  different  parts  of  the  earth  wei]e  precisely 
the  same  with  those  of  a  small  magnet  similarly  situated  with 
respect  to  a  very  large  one.     Although  he  had  mide  more 
magnetic  experiments  tlian  all  that  had  gone  before  lum  pat 
together,  still  tlie  magnetical  phenomena  were  but  scantily 
known  till  long  after.     But  Gilbert's  theory  (for  so  it  miKt 
be  truly  esteemed)  of  the  magnetical  phenomena  is  nowoom- 
plctely  confirmed.    The  whole  of  it  may  be  understood  inm 
the  following  general  proposition. 

Let  NS  (Plate  IV.  fig.  23.)  be  a  magnet,  of  which  N  is 
the  nor  til  and  S  tlie  south  pole :  Let  n  x  be  any  oblong  peoe 
of  iron,  poised  on  a  point  c  like  a  compass  needle.  It  mil 
arrange  itself  in  a  position  nc  s  precisely  the  same  with  that 
which  would  be  assumed  by  a  compass  needle  of  the  same 
size  and  shape,  having  n  for  its  north  and  a  its  soutli  pole. 
And  while  the  piece  of  iron  remains  in  this  position,  it  will 
be  in  all  respects  a  magnet  similar  to  the  real  compass  needle. 
The  pole  n  will  attract  the  south  pole  of  a  small  magnetised 
needle,  and  repel  its  north  pole.  If  a  pa{)er  be  held  over 
n  s^  and  fine  iron-filings  be  strewed  on  it,  they  will  arrange 
themselves  into  curves  issuing  from  one  of  its  ends  and  ter- 
minating at  the  other,  in  the  same  manner  as  they  will  do 
when  strewed  on  a  papet  held  over  a  real  compass  needle. 
But  this  magnetism  is  quite  temporary ;  for  if  the  piece  of 
iron  n  «  be  turned  the  other  way,  placing  n  where  s  now  is, 
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*^  vill  rcmaia  there,  and  will  exhibit  the  sanW  | 
We  ma-y  here  add,  that  if  n  «  be  almost  infintelj  sinii]  in 
BliBipariMn  of  NS,  the  line  x  «  will  be  in  such  i  poMtioB  AaC 
(■»a,»b,  be  drawn  parallel  to  N  c,  Sr,  we  sbidl  have  «a  to 
dasthc  force  of  the  pule  N  to  the  force  of'thepirie  S.  And 
Ikis  is  the  true  cause  of  that  curious  disposition  of  iron  SSags 
Vbeo  stKwcd  round  a  magnet.  Each  fragment  bMOStn  ■ 
toonwatiiry  mngnct,  and  arranges  itself  in  ih^  trdewignetie 
SuTctton ;  and  when  so  arranged,  attracts  the  two  ■^oUing 
EragniBnt^  and  <x>«pcrutes  witli  the  forces  which  bIbo  «mi^ 
llleui. 

*  Hon,  to  appljT  this  theory  to  the  point  in  hand. — Let  n  t 
[Pkt«  IV.  fig.  21-.)  be  a  sniali  compass  needle,  (tf  irbkk » U 
Ae  north  and  «  the  south  pole :  let  this  needla  be  p>nsed  bo- 
tiamitally  on  the  pin  c  (f ;  and  let  n  a' he  theporituoof  tbe 
dipping  nrrif/r.  Take  any  long  bar  of  common  iroo,  and  boii 
it  uprigttt,  OT  Dearly  so,  as  represented  by  AB.  The  lower 
end  B  wil!  repel  the  pule  n  and  will  attract  the  pole  t,  thus 
c^iibiting  the  properties  of  a  north  pole  of  the  bar  AB. 
Keeping  B  in  its  place,  turn  the  bar  round  B'  as  a  coitv^ 
faU  it  come  utto  the  position  A'B'  nearly  parallel  to  W  i*. 
iVou  will  observe  the  o^mpass  needle  n  s  attract  the  end  B* 
*jth  t-itlu-r  pole  n  or  «,  when  B'A'  is  in  the  pontion  B'  • 
^pendicular  to  the  direction  n'  s'  of  the  dipping  needle : 
■nd  when  th«  bar  has  come  into  the  position  B'A',  the  up- 
fee  end  B'  will  shew  itself  to  be  a  south  pole  by  attracting 
jiand  repeUing  i.  This  beautiful  experiment  was  exhibited 
^  the  royal  society  in  1073  by  IMr.  Hindshaw. 
K .  Vtoia  this  it  appears,  that  the  great  magnet  in  the  earth 
induces  a  momentary  magnetism  on  M>ft  iron  prcdfeely  da' 
gmtaaoa  magnet  would  do.  Therefore  (sajB  Vt.  QSberi) 
it  induces  permanent  magnetism  on  niagnetiaable  orei  of 
Iron,  such  as  loadslonE^s,  in  the  same  manner  aa  a  great 4oad- 
IBooe  would  do  -,  and  it  affects  the  magnctiatB  alnady  im- 
ftrted  to  a  piece  of  tempered  steel  precisely  la .  any  other 
(teat  magiiet  would. 
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Therefore  die  needle  of  the  mariner^s  comjMMi  in  tvsy 
part  of  the  world  arranges  itself  in  ihemagnetiedivertioniso 
that,  if  pcNsed  as  a  dipi»ng  needle  should  be«  it  wiD  bfel  tui-  |«^ 
gent  to  one  of  the  curves  N  c  S  of  Plate  IV.  fig.  8S.  Tk 
horizontal  needle  being  sopcnsedas  to  be  oipaUe  of  pfa^ 
only  in  a  horiaontal  plane,  will  only  arrange  itself  m  tif  jrfne 
of  the  triangle  NcS.  That  end  ofitwhidi  has  the  saMiag- 
nctism  with  the  south  pole  S  of  the  great  magnet  iaAAA 
in  the  earth  will  be  turned  towards  its  ncMth  poleN.  Tka^ 
fore  what  we  call  the  north  pole  of  a  needle  or  magnet  lesBj 
has  the  magnetism  of  the  south  pole  of  the  great  paadlive 
magnet.  If  the  line  NS  be  called  the  axis^  and  N  and  S 
the  poles  of  this  great  magnet,  the  plane  of  anjone  of  these 
curves  NcS  will  cut  the  earth^s  surface  in  the  cHBBuafcrcnce 
of  a  circle,  great  or  small,  according  as  the  phme  does  or  does 
not  pass  through  the  centre  of  the  earth. 

Dr.  Halley^s  first  thought  was,  that  the  north  pole  of  the 
great  magnet  or  loadstone  which  was  included  in  the  holds 
of  the  earth  was  not  far  from  Baffin^s  Bay,  and  its  south  pole 
in  the  Indian  ocean  south-west  from  New  Zealand.    Bot 
he  could  not  find  any  positions  of  these  two  poles  whki 
would  give  the  needle  that  particular  position  whidi  it  was 
observed  to  assume  in  different  parts  of  the  world ;  and  he 
concluded  that  the  great  terrestrial  loadstone  had  four  irre- 
gular poles  (a  thing  not  unfrequent  in  natural  loadstones, 
and  easily  producible  at  pleasure),  two  of  which  are  stronger 
and  two  weaker.     Wlien  the  compass  is  at  a  great  disUtfioe 
from  the  two  north  poles,  it  is  affected  so  as  to  be  directed 
nearly  in  a  plane  passing  through  the  stroi]^;e8t     But  if  we 
approach  it  much  more  to  the  weakest,  the  greater  vicinity 
will  compensate  for  the  smaller  absolute  force  of  the  weak 
pole,  and  occasion  considerable  irregularities.     The  appear- 
ances arc  favourable  to  this  opinion.   If  this  be  the  real  con- 
stitution of  the  great  magnet,  it  is  almost  a  desperate  task 
to  ascertain  by  computation  what  will  be  the  poaftion  of  the 
needle.     Halley  seems  to  have  despaired ;  for  he  was  both 
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t  and  a  most  expert  nuttliematician,  and  it  would 
>  cost  him  little  trouble  to  ascertain  the  places  of  two 
Mes  only,  and  the  dirt'ctioii  whidi  these  would  liave  ^ven 
Hhe  nocdio.  But  to  say  what  would  be  its  position  when 
ERbd  on  hy  four  poles,  it  was  necessary  to  know  the  law  by 
llich  the  magnetic  action  varied  by  a  variation  of  distance ; 
jto  even  wliL'n  this  is  known,  the  computation  would  have 
Men  exceedingly  difficuh. 

f  ■'In  onJer  lo  account  fur  the  change  of  variation,  Dr.  Hal- 
iltjr  sapposes  (his  internal  magnet  not  to  adhere  to  the  ex- 
Staai  shell  which  we  inbabil,  but  to  form  a  nucleus  or  ker- 
|B  detached  from  it  on  ail  sides,  and  to  be  so  poised  as  to 
Involve  freely  round  an  axis,  of  which  he  hoped  to  discover 
ne  poaitioQ  by  observation  of  the  compa&s.  The  philoso- 
jjher  vrill  find  nothing  in  Uiis  ingenious  hypothesis  incon- 
Asicnt  with  our  knowledge  of  nature.  Dr.  Haltey  imagined 
that  the  nucleus  revolved  from  east  to  west  round  the  aamc 
ibds  with  the  eatth.  Thus  the  poles  of  the  magnet  would 
Aange  their  positions  relatively  to  the  earth's  surface,  and 
Ais  would  change  the  direction  of  the  compass  needle. 
''  The  great  Euler,  whose  delight  it  was  always  to  engage 
ll  the  most  difficuh  mathematical  researches  and  coniputa- 
Ibna,  undertook  to  ascertain  the  position  of  the  needle  in 
ttery  part  of  the  earth.  His  dissertation  on  this  subject  is 
febe  seen  in  the  13th  volume  of  the  Memoirs  of  the  royal 
^adetny  of  Berlin,  and  is  exceedingly  beautiful,  abounding 
fk  those  analytical  tours  d'addresse  in  which  he  surpassed  alt 
be  world.  He  has  reduced  the  computation  to  a  wonder- 
W  nmplicity. 

S '  He  found,  however,  that  four  poles  would  engage  him  in 
jttl  analysis  which  would  be  excessively  intricate,  and  has 
■Antentcd  himself  with  computing  tor  two  only ;  observing 
OBt  this  supposition  agrees  so  well  with  observation,  that 
fc  is  highly  probable  that  this  is  the  real  constitution  of  the 
iBtrrestrial  magnet,  and  that  the  coincidence  would  have  been 
jlerfect  If  he  had  hit  on  the  due  positions  of  the  two  poles. 
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He  places  one  of  them  in  lat.  7G^  north,  and  long.  96^  vest 
from  Tencriffe.  The  south  pole  is  placed  in  lat  58*  soutbj 
and  long.  158°  west  from  TenerifTe.  These  are  their  aluA- 
tions  for  1757.— Mr.  Euler  has  annexed  to  his  dissertiboD 
a  chart  of  Halleyan  curves  suited  to  these  assumptions^  aod 
fitted  to  the  year  1757. 

It  must  be  acknowledged,  that  the  general  course  of  the 
\ariations  according  to  this  theory  greatly  resembla  the 
real  state  of  things  ;  and  we  cannot  but  own  ourselves  higt 
ly  indebted  to  this  great  mathematician  for  having  made  » 
fine  a  first  attempt.  He  has  improved  it  very  considentUy 
in  another  dissertation  in  the  22d  volume  of  these  memoirs 
But  there  are  still  such  great  differences,  that  the  tlieoiy  is 
of  no  service  to  the  navigator,  and  it  only  serves  as  an  ezoel« 
lent  model  for  a  farther  prosecution  of  the  subject  Since 
that  time  another  large  variation  chart  has  been  published, 
fitted  to  a  late  period  ;  but  the  public  has  not  sufficient  in- 
formation of  the  authorities  or  observations  on  which  it  is 
founded. 

The  great  object  in  all  these  charts  is  to  facilitate  the  dis- 
covery of  a  ship's  longitude  at  sea.     For  the  lines  of  vaiiar 
tion  being  drawn  on  the  chart,  and  the  variation  and  the  la- 
titude being  observed  at  sea,  we  have  only  to  look  on  the 
chart  for  the  intersection  of  the  parallel  of  observed  latitude 
and  the  Ilallcyan  curve  of  observed  variation.     This  inter- 
section must  be  the  place  of  the  ship.     This  being  the  pur- 
pose, the  Halleyan  lines  are  of  great  service ;  but  they  do 
not  give  us  a  ready  conception  of  the  direction  of  the  needle. 
W'c  have  always  to  imagine  a  line  drawn  through  the  point,- 
cutting  the  meridian  in  the  angle  corresponding  to  the  Hal- 
leyan line.      We  should  learn  tlie  general  magnetic  aifec- 
tions  of  the  globe  much  better  if  a  number  of  magnetic 
meridians  were  drawn.      Tliese  are  the  intersections  of  the 
earth's  surface  witli  planes  passing  through  the  magneticaL 
axis,  cutting  one  another  in  angles  of  5*  or  10*.    This  would 
both  shew  us  the  places  of  the  magnetic  poles  much  more 
clearly,  and  would,  in  every  place,  show^  us  at  once  the  di« 
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SSonof  the  needle.  In  all  tfaooe  ^[^aces  where  these  mtg' 
IRica]  curves  touch  tlic  nioridiaiM,  theie  is  oo'vufauiGB; 
mi  the  sanation  in  c\ery  oifaer  |daoe  m  tbeangk  contoiii- 
I  between  these  niagnctical  eieridknfl  and  tbn  One  onesi 
'  7he  program  of  a  work  of  this  kind  has  been  puUishsd 
I*  s  Mr.  Churchman,  who  ippears  to  bave  engaged  in  the 
ivestigation  with  great  zeal  aod  conuderable  opportunities. 
te  had  been  employed  in  same  openiuons  connected  with  . 
tarvcj*  of  tlic  back  settlements  in  North  America.  It  is 
pmty  osruin  that  the  nurth  magnetic  pcde  (or  point;  as  Mr. 
ESiiirdhinan  cliooses  to  call  it)  ■•  not  far  remored  from  the 
Ibtions  given  it  by  Holley  aod  Euler;  and  there  aeems  So 
Imibt  but  that  in  the  countties  between  Hudsm^  Bay  aod 
ne  western  coasts  of  North  America,  the  needle  will  have 
nrery  position  withrespcctta  tlie  terrestrial  meridian,  «o  that 
the  nortli  end  of  a  compass  needle  will  even  point  dueaouth 
b  several  places.  Mr.  ChnrchoUun  has  aoticited  assistance 
(rom  all  (juarters,  to  enable  him  lo  traverse  Uie  whole  of 
diat  inhospitable  country  nidi  the  oompast  in  has  ha«d.  It 
Was  greatly  to  be  wished  that  our  gnunobt  soyerrign,  *ho 
has  always  shewn  sucb  a  tove  (or  the  promotion  <^. nautical 
idence,  and  who  has  so  miuufidently  contributedto  it,  «1- 
Mdy  enriching  the  world  with  the  most  v^uablediacovme^ 
k&d  thus  laying  [wstL-rity  under  ui;^>esikableoldigatioiu;  it 
ilRre  greatly  to  he  wished  that  he  would  put  this  almost 
■ushing  stroke  to  the  nol>li:  work,  and  enable  Mr.  Church- 
■an,  or  some  fitter  person,  if  guch  can  be  found,  to  pcose- 
ole  tliis  most  interesting  inquiry*.  Almost  every  thing  that 
wa  be  desired  wouM  be  obtained  by  a  few  adl-ekOKn  ob< 
durations  made  in  lUmc  re^ons.  It  would  be  of  immense 
Bvantage  to  have  the  dips  ascertained  with  great  predsion. 
Slbese  would  enable  us  to  judge  at  what  depth  uiidef  the 
p)rfiu:e  the  pole  is  situated  ;  fur  the  well  informed  mechani- 
raBi,  who  will  study  seriously  what  we  have  said  about  the 
■ugnetical  curves,  will  sec  that  a  compass  needle,  when  con- 
jjHrcd  with  the  great  terrestrial  cqagnet]  is  but  as  a  particle 
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of  inxwfilings  compared  to  a  very  lai^  artificial  magoet 
Therefore,  from  the  poation  of  the  dipping  needle^  wens^ 
infer  the  place  of  the  pole,  if  the  law  of  magnetic  acdoabe 
given ;  and  this  law  may  be  found  l^  means  of  other  «s- 
periments  which  we  could  point  cut. 

Mr.  Churchman  has  adopted  the  opnion  of  only  tio 
poles.    According  to  him,  the  north  pole  lies  (in  1S00)bi 
Lat  58^  N.  and  Long.  134''  west  from  Greenwicfa,  ntj 
near  Cape  Fair-weather ;  and  the  south  pole  lies  in  Lit  5S* 
S.  and  Lon.  165^  E.  from  Greenwich*.    He  also  magiBa 
that  the  north  pole  has  moved  to  the  eastward,  on  a  panl- 
IcI  of  latitude,  about  65^  since  the  beginning  of  lastoentmy 
(from  1600),  and  concludes  that  it  makes  a  Tevohtion  in 
1096  years.    The  southern  pole  has  moved  less,  snd  oon- 
pletes  its  revcdution  in  3289  years.    This  motion  be  aicribes 
to  some  influences  which  he  calls  magnetic  iideSf  and  vtidi 
he  seems  to  connder  as  celestial.    This  he  infers  from  the 
changes  of  variation.    He  announces  a  phymcal  theory  oa 
this  subject,  which,  he  says,  enables  him  to  compute  the  m- 
riation  with  precision  for  any  time  past  or  to  come  ;  and  he 
even  gives  the  process  of  trigonometrical  computation  illus- 
trated  by  examples.     But  as  this  publication  (entitled  Tk 
Magnetic  Atlasy  published  for  the  Author,  by  Darton  and 
Harvey,  1794)  is  only  a  program,  he  expresses  himself  ob- 
scurely, and  somewhat  enigmatically,  respecting  his  theory, 
waiting  for  encouragement  to  make  the  observations  which 
arc  necessary  for  completing  it     He  has,  in  the  mean  time, 
accompanied  his  account  of  the  theory  with  a  chart,  in  the 
form  of  gussets,  for  covering  a  globe  of  15  inches  diameter, 

*  M.  Biot  has  shewn,  from  a  comparison  of  the  observations  of  La  Fejnmie^ 
Humboldt,  Bayly,  and  Lacaille,  that  the  magnetic  equator  is  a  great  circk  of 
the  terrestrial  sphere,  inclined  12®  to  the  equator,  and  has  its  western  node  in 
113°  14'  of  west  Inngitudc,  near  the  island  Gallego,  and  the  other  node  in 
'293°  IV.  By  examining  however  the  observations  of  Bayly  aad  Cook*  made 
in  1777,  he  has  found  tliat  the  magnetic  equator  is  irrcgnlar*  croiaiog  the  eqoa^ 
tor  at  least  three,  and  perhaps  four  times.  Tlie  magnetic  poles  are  in  78^  of 
\it.  and  203^  14'  of  west  1ong.-»ED. 


VAEXATION  OF  TUS  COMPASS.  3d7 

I  vsiy  juHly  to  the.  great  dislortkui  which  WrighiV 
letMB  in  tverj  ptit  near  the  poles.  This,  distort 
dA^  M  tolaUy  Id  ehange  the  appeanuMse  of  the  ciinree 
/liiqr  .|bQts  where  thor  eppeaimoce  and  nu^tadc 
Ml  enaleat  moment. 

ShOTehmw  has  alae  aooompanied  hia  wotk  wkb  ihm 
vUoh  he  haa  Deceived  fsam  seveni  persons  eninent 
b  pnlLov  lesfnini^  to  wheoi  be  had  applied  fer  en* 
Wpnt  and  assiaf annr  They  are  pcdite*  but,  we  thinkp 
ll^piinfpng.es  andi  leel  in  audi  a  cauae  had  good 
toypaiflt .  We  acknowledge  that  there  aie  drcanrw 
vilUi.|nalify  caution  in  ptonuses  of  tluanatuiw.  Hia 
i§m  wsrjr.gnn^  and  not  qualijBed  with  anj  donbt 
jEiUa  fvoc&.aie  not  very  eonvincii^,  nnd  tbcfe  eve 
lyMsffshledifiKhi  in  the  scientific  part.  He  qpeeka 
»ISHnae£jthe  magnetic  inflnences  as  {daialy  lead  OS  to 
\fJktUbBf  leannbH  in  efeet  at  least,  the  ordinary 

He  speaks  of  the  influence  of  one  pole 
that  of  the  other :  and  spqri»  that  In  this 
^cjfMataTf  where  the  needle  will  be  parallel 
will  not  be  in  the  middle  between  the  poles. 
i.Arae  of  a  common  magnet  He  must  therefin^ 
9  HfiB  anppqBition  in  its  other  consequences.  The 
aBmaridiann  must  be  phnes  passing  through  this  axis, 
lerefbre  nuist  be  drcles  on  the  surface  df  the  earth. 
\  incompatible  with  the  observations ;  nay,  his  charts 
ia  many  places,  particularly  in  the  Pacific  Ocean, 
ifce  vaiiatioos  by  his  chart  are  three  times  greater 
dhat  has  been  pbenred.^-*-His  parallels  of  dip  are  still 
HffiBient  from  observation,  and  are  incompatible  with 
lenomena  that  could  be  produced  by  a  magnet  hav* 
t  two  poles.  His  rules  of  computation  are  exceeding- 
efdonaUe.  He  has  in  fact  but  one  example,  and 
LjMttieuhnr,  that  the  mode  of  computation  iRoll  not 
bonnyother.  This  circumstance  is  not  taken  notice 
lie.  cnondatwn  nf  his  fiirst  problem ;  and  the  reader 
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is  made  to  imagine  that,  he  has  got  a  rale  for  compatiiig 
the  variation,  whereas  all  the  rules  of  calculation  are  only 
running  in  a  circle.  The  yariation  computed  for  the  port 
of  St  Peter  and  Paul  in  Eamtschatka,  by  the  rule,  n  In 
times  greater  than  the  truth.  This  is  like  the  artifice  oft 
book-maker.  We  do  not  meet  with  addition  to  our  Ioot- 
ledge  on  the  subject.  The  author  seems  to  know  noe- 
thing  ofEuler^s  merit;  but  instead  of  prosecuting  the  ab- 
ject in  his  way,  he  gives  us  an  uninteresting  account  of  the 
surmises  of  a  number  of  obscure  writers  about  the  dificoltf 
of  the  task ;  and  we  think  that  Mr.  Churchman  hu  left  us 
as  much  in  the  dark  as  ever.  The  observation  of  Ae  con- 
nection of  the  polarity  of  the  needle  with  the  aunnbimlis 
occurred  to  the  writer  of  this  article  as  early  as  17fi9,  when 
a  midshipman  on  board  the  Royal  William  in  the  Bra  St 
Laurence.  Some  of  the  genUemen  of  the  quarter-deck  ue 
still  alive,  and  may  remember  this  circumstance  bong  poot' 
ed  out  to  them  one  evening,  when  at  anchor  off  the  Ideaux 
Coudres,  during  a  very  brilliant  aurora  borealis.  Tlie 
point  of  the  heavens  to  wliich  all  the  rays  of  light  cooTeig- 
ed  vras  precisely  that  which  was  opposite  to  the  south  end 
of  the  dipping-needle.  The  observation  was  inserted  in  the 
St  James'^s  Chronicle,  and  afterwards  (about  1776)  in  the 
London  Chronicle,  with  a  request  to  navigators  to  tdw  Q0> 
tice  of  it,  and  communicate  their  observations. 

For  our  own  part,  we  have  little  hopes  of  this  proUen 
ever  being  subjected  to  accurate  calculation.     We  befiere, 
indeed,  that  there  is  a  cosmical  cliange  going  on  in  the  earth, 
which  will  produce  a  progressive  change  in  the  variation  d 
the  needle ;  and  we  see  none  more  likely  than  Dr.  Halley^s 
notion.     There  is  nothing  repugnant  to  our  knowledge  of 
the  universe  in  the  supposition  of  a  magnetic  nucleus  re- 
volving within  this  earth ;  and  it  is  very  easy  to  conorive  a 
very  simple  motion  of  revolution,  which  shall  produce  the 
very  motion  of  the  sensible  poles  which  Mr.  ChuTchman 
contends  for.    We  need  only  suppose  that  the  magneticsl 
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US  of  this  nucleus  is  not  its  axis  of  revolution.  It  may  not 
a  Uaect  that  axis ;  and  this  circumstance  wUl  cause  the 
lo  poles  to  have  different  d^rees  of  motion  in  relation  to 
e  shell  which  surrounds  it. 

But  this  regular  progress  of  the  magnet  within  the  earth 
ay  produce  very  insular  motions  of  the  compass  needlCf 
f  the  intervention  of  a  third  body  susceptible  of  magnet- 
DB.  The  theory  of  which  we  have  just  given  a  hint  comes 
ere  to  our  assistance.  Suppose  NS  (Plate  IV.  fig.  S5.)  to 
epieacnt  the  primitive  magnet  in  the  earth,  and  n  s  to  be  a 
tntum  of  iron-ore  suscepuble  of  magnetism.  Also  let  n'  / 
e  mother  small  mass  of  a  similar  ore ;  and  let  their  situa- 
ons  and  magnitudes  be  such  as  is  exhibited  in  the  figure. 
lie  fiKt  will  be,  that  n  will  be  the  north  pole  and  9  the 
Hitb'pale  of  the  great  stratum,  and  n!  and  8'  will  be  the 
OTth  and  south  poles  of  the  small  mass  or  loadstbne.  Any 
eiaoD  may  remove  all  doubts  as  to  this,  by  making  the  ex- 
sruooent  with  a  magnet  NS,  a  piece  of  iron  or  soft  temper- 
1  steel  %  9^  and  another  piece  n'  s'.  The  well  informed  and 
:tentive  nider  will  easily  see,  that  by  such  interventions 
ftrj  oonceivable  anomaly  may  be  produced.  While  the 
wat  magnet  makes  a  revolution  in  any  direction,  the  nee- 
e  will  change  its  position  gradually,  and  with  a  certiun  re* 
ilarity ;  bpt  it  will  depend  entirely  on  the  size,  shape,  and 
tuation,  of  these  intervening  masses  of  magnetisable  iron- 
e,  whether  the  change  of  variation  of  the  compass  shall 
I  such  as  the  primitive  magnet  alone  would  have  produced^ 
*  whether  it  shall  be  of  a  kind  wholly  different. 
Now,  that  such  intervening  disturbances  may  exist,  is  past 
MUtradiction.  We  know  that  even  on  the  film  of  earth 
hich  we  inhabit,  and  with  which  only  we  are  acquainted, 
lere  are  extensive  strata  or  otherwise  disposed  masses  of 
on-ores  in  a  state  susceptible  of  magnetism ;  and  experi- 
imts  made  on  bars  of  hard  tempered  steel,  and  on  bits  of 
idi  ores,  assure  us  that  the  magnetism  is  not  induced  on 
ich  bodies  in  a  moment,  but  propagated  gradually  along 
le  niaBs.-*That  such  disturbances  do  actually  exist,  we 
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Iiave  many  relations.  There  are  many  instances  on  record 
of  very  extensive  magnetic  rocks,  wliich  aftct  the  needle 
to  very  considerable  distances.  The  island  of  Elba  in  the 
Mediterranean  is  a  very  remarkable  instance  of  this.  The 
island  of  Cannay  also,  on  the  west  of  Scotland,  has  rodu 
vhich  affect  the  needle  at  a  great  distance. 

A  similar  eficct  is  observed  near  the  Feroe  isbuida  n  (he 
North  Sea ;  the  compass  has  no  determined  direction  wha 
brought  on  shore,    nhum,  du  SIgavansy  1679,  p.  174. 

In  Hudson^s  Straits,  in  latidude  63^,  the  needle  has  hsid- 
ly  any  polarity.     Ellis'  Voyage  to  HudsorCa  Bay, 

Bouguer  observed  the  same  thing  in  Peru.  Nqr,  we  b^ 
lieve  that  almost  all  rocks,  es})ecialiy  of  whin  or  tnppe  stone, 
contain  iron  in  a  proper  state. 

All  this  refers  only  to  the  thin  crust  through  wUdi  the 
human  eye  has  occasionally  penetrated.     Of  what  may  be 
below  we  are  ignorant ;  but  when  we  see  appearances  whidi 
tally  so  remarkably  with  what  would  be  the  effects  of  grait 
masses  of  magnetical  bodies,  modifying  the  general  and  re- 
gularly progressive  action  of  a  primitive  magnet,  whose  ex- 
istence and  motion  is  inconsistent  with  nothing  that  we  know 
of  this  globe,  this  manner  of  accounting  for  the  observed 
change  of  variation  has  all  the  probability  that  we  can  desire- 
NaVy  we  apprehend  that  very  considerable  changes  may  be 
produced  in  the  direction  of  the  compass  needle  even  with* 
out  the  supposition  of  any  internal  motion.  If  the  great  mag" 
net  resembles  many  loadstones  we  are  acquainted  with,  haV' 
ing  more  than  two  poles,  we  know  tliat  these  poles  will  aC 
on  each  other,  and  gradually  cliange  each  other'^s  force,  an< 
consequently  the  direction  of  the  compass.    This  process^  t< 
be  sure,  tends  to  a  state  of  things  which  will  change  no  more 
—But  the  period  of  human  history,  or  of  the  history  of  tbi 
race  of  Adam,  may  make  but  a  small  part  of  the  history  o 
this  globe ;  and  therefore  tliis  objection  is  of  little  force. 

There  can  be  no  doubt  of  the  operation  of  the  genen 
terrestrial  magnetism  on  every  thing  susceptible  of  magneti 
properties ;   and  we  cannot  hesitate  to  explain  in  this  wa, 
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■my  changes  of  magnetic  direction  which  have  been  ob- 
enrcd.  Thus,  in  Itaij,  Father  de  la  Torr6  observed,  that 
hiriiig  a  great  eruption  of  Vesuvius  the  variation  was  16^ 
a  the  moming,  at  noon  it  was  14^,  and  in  the  evening  it 
paa  10",  and  that  it  continued  in  that  state  till  the  lava  grew 
0  dark  as  no  longer  to  be  visible  in  the  night  ;  after  which 
t  slowly  increased  to  IS**?,  where  it  remained.  Daniel 
lemoulli  found  the  needle  change  its  position  45'  by  an 
iSirtlMpiake.  Professor  M uHer  at  Manheim  observed  that 
Jie  dfldiBation  of  the  needle  in  that  place  was  greatly  af- 
«ctsd  fay  the  earthquake  in  Calabria.  Such  streams  of  lava 
IS  flowed  from  Hekia  in  the  last  dreadful  eruption  must 
mm  made  a  transference  of  magtietic  matter  that  would 
onnderaUy  affect  the  needle,  fiut  no  observations  seem  to 
mve  besD  made  on  the  occasion ;  for  we  know  that  com- 
BOD  iron-Stone,  which  has  no  effect  on  the  needle,  will,  by 
nere  cementation  with  any  inflammable  substance,  become 
nagnetic  In  this  way  Dr.  Knight  sometimes  made  arufi- 
mI  loadstaisi.— But  these  are  partial  things,  and  not  con- 
leetad  with  the  general  change  of  variation  now  under  con- 
idera&m. 

We  liave  sud  so  much  on  this  subject,  chiefly  with  the 
lew  of  cautioning  our  readers  against  too  sanguine  expecta* 
ions  from  any  pretensions  to  the  solution  of  this  great  pro« 
»Iem.  We  may  certainly  gather  from  these  observations, 
hat  even  although  the  theory  of  the  variation  should  be 
iompleted,  we  must  expect  (by  what  we  already  know  of 
■agnetism  in  general)  that  the  disturbances  of  the  needle, 
ly  locat  causes  intervening  between  it  and  the  great  influ- 
.■nee  fay  which  it  is  chiefly  directed,  may  be  so  considerable 
m  to  affect  the  position  of  the  compass  needle  in  a  very  sen- 
■hle  manner :  for  we  know  that  the  metallic  substances  in 
the  bowels  of  the  earth  are  in  a  state  of  continual  change, 
md  this  to  an  extent  altogether  unknown. 

There  is  another  irregularity  of  the  mariner's  needle  tliat 
ka.  have  taken  no  notice  of,  namely,  the  daily  variation. 
Fhu  was  first  observed  by  Mr.  Grewge  Graham  in  1729 
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(Philosophical  Transactions^  No.  363,)  and  reported  to  the 
Royal  Society  of  London.  It  usually  moves  (at  least  in 
Europe)  to  the  westward  from  8  morning  till  2  P.  H.  and 
then  gradually  returns  to  its  former  situation.  The  £ur- 
nal  variations  arc  seldom  less  than  0^  5',  and  often  mudi 
greater.  Mr.  Graham  mentions  (Philosophical  Tratuaamu, 
No.  428.)  some  oliscrvations  by  a  Captain  Hume^  in  a  voryip 
to  America,  where  he  found  the  variation  greatest  in  the 
afternoon.  This  beirig  a  general  phenomenon,  has  also  at- 
tracted the  attention  of  philosophers.  The  most  detailed 
accounts  of-jj^  to  be  met  with  are  those  of  Mr.  Canton,  la 
Philosophical  Transactions^  Vol.  LI.  Fart  1.  p.  399,  and 
those  of  Van  Swinden,  in  his  Treatise  on  Electricity  and  Mag* 
netism. 

It  appears  from  jCanton's  observations,  that  alihou^ 
there  be  great  irregularities  in  this  diurnal  change  of  pontioii 
of  the  mariner's  needle,  there  is  a  certain  average,  wUdi  ii 
kept  up  with  considerable  steadiness.  The  following  table 
shews  the  average  of  greatest  daily  change  of  position  in  the 
different  months  of  the  year,  observed  in  Mr.  CaDtoa*» 
house,  Spittal  Square,  in  1759. 

January      7' 8"  July       13'14'' 

February    8  85  August  12  19 

March       11  27  Sept.       11  43 

Apnl         12  26  October  10  36 

May  13—  Nov.         9 

June         13  21  Dec.  6  58* 

Mr.  Canton  attempts  to  account  for  these  changes  of  posi- 
tion, by  observing  that  the  force  of  a  magnet  is  weakened 

*  The  following  resulti  dedacetl  from  very  accnrnte  obionratioas  xsMik  by 
Colonel  Beaufoy  at  Hackney,  is  west  loo;.  6*  f^^  in  Uice,  and  oortb  III.  51% 
33*,  40^,  will  siiev  tbe  greatent  daily  Tariation  in  the  year  1813. 
1813.  Mareb  30.     15'  0"  Sept.  «9.     9*     45'' 

April  18.       20   ^t  Oct.  10.       11    49 

May  3.  16    35  Nov.  £1.      5      4S 

June  29.        13    55  Dpi-.  3.        5       53 

July  19.        12   55  1814.  Jan.  11.       6      9 

Aaft.27        9     37  Feb.  10       11      AT 

J™ *??**"**'**••  ^ •**•**  ***•  preceding  niimben  arc  the differeiiea^  were 
II A*^  ^la  &c^o^\  io  the  momingy  and  two  in  the  afWmooii.  The  viad- 
w  will  find  a  very  foil  ierie«  of  magnetic  ohtenrationt  by  Colonel  Beanfoyy  in 
vt.  ThoBMOQ*!  dmmit  cf  ekUwgh^^  fol«.  i,  ii.  iii.  fcc^Ko. 
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\f  hest  A  tqudl  magnet  being  plaoed  near  a  oompttto 
imfi^  ENE  fn»  it,  io  as  to  make  it  deflect  45^  from  the 
rlMMd  poaitian,  the  magnet  was  covered  with  a  brass  vessel, 
vUeh  hot.  water  was  poured.  The  needle  gradually 
fimn  the  magnet  |ths  of  a  degree^  and  returned 
ptAuttj.to  its  phce  as  the  water  cooled.  This  is  confirm- 
al  b|P  uniform  experience. 

ISii.parta  of  the  earth  to  the  eastward  are  first  heated  in 
AsMRHOgy  and  therefore  the  force  of  the  earth  is  weaken* 
.eJl^4iMl't&a  needle  is  made  to  move  to  the  westward.  But 
a9:4iM|tt  warms  the  western  side  of  the  earth  in  the  after- 
"Aa  ■otion  of  the  needle  must  take  the  contrary  di- 


Bvt  tfa  way  of  explaining  by  a  change  in  the  force  of 
Aa  Midk  aiqipoaes  that  the  changing  cause  is  acting  in  op- 
other  force.  We  do  not  know  of  any  such, 
rer  it  is,  seems  simply  to  produce  its  own 
the  needle  from  the  direcUcHi  of  terres- 
.toal  aililiiMkB.  If^pinus^s  theory  of  magnetic  action  be 
atelBMit  tdi«  that  a  bar  of  steel  has  magnetism  induced  on 
it  bf  paspelling  the  quiescent  and  mutually  repelling  parti- 
of  magnetic  fluid  to  one  end,  or  attracting  them  to  the 
Tf  wa  may  suppose  that  the  sun  acts  on  the  earth  as  a 
acta  OQ  a  |nece  of  soft  iron,  and  in  the  morning  propels 
Aa  iuid  ta  the  north-west  parts.  The  needle  directs  itself 
to  dua  cooatipated  fluid,  and  therefore  it  points  to  the  east- 
ward of  the  magnetic  north  in  the  afternoon.  And  (to  abide 
ijf  the  same  theory)  this  induced  magnetism  will  be  some* 
>i/kA  greater  when  the  earth  b  warmer;  and  theref<Mre  the 
Cqnial  variation  will  be  greatest,  in  summer.  Thb  change 
(^pmAaa  of  the  constipated  fluid  mpst  be  su[^x)aed  to  bear 
■  A  vmj  aaiall  ratio  to  the  whole  fluid,  which  is  naturally  sup- 
IMid  to  be  constipated  in  one  pole  of  the  great  magnet  in 
.avder  U>  give  it  magnetism.  Thus  we  shall  have  the  diur« 
ai)  laiiatiao  a  very  small  quantity.  Thiais  departing,  how- 
49|^J|nBa  the  prindple  of  Mr.  Canton's  ^planation ;  and 
^ttllfi  ps  CfBVoi  Me  how  the  weakening  tiie  general  fiirce 
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of  the  terrestrial  magnet  should  make  any  change  in  tbe 
needle  in  respect  to  its  direction ;  nor  does  it  appear  pidM> 
ble  that  the  chang  o  temperature  pnxiuoed  by  ths  wD 
Tvill  penetrate  deep  i-nough  to  produce  any  sensible  effeetoD 
the  magnetism.  And  if  this  be  the  A»u8e,  we  think  thst  tbe 
derangements  of  the  needle  should  vary  as  the  thormoneter 
varies,  which  is  not  true.  The  other  method  of  expUnng 
is  much  better,  if  iEpintis's  theory  of  magnetic  attndkn 
and  repulsion  be  just ;  and  we  may  suppose  that  it  is  onljdM 
secondary  magnetism  (t  e.  that  of  the  magnetisable  niiier- 
als)  that  is  sensibly  affected  by  the  heat ;  this  will  seoDunt 
very  well  lor  the  greater  mobility  ot  the  fluid  in  summerthia 
in  winter. 

A  great  objection  to  either  of  these  explanations  is  the 
prodigious  diversity  of  the  diurnal  variations  in  AKerent 
places.     This  is  so  very  great,  that  we  can  hardly  Sflcrihe 
the  diurnal  variation  to  any  change  in  the  magnetism  of  the 
primitive  terrestrial  magnet,  and  must  rather  look  (at  its 
cause  in  local  circumstances.     This  conclusion  becomes  moie 
probable,  when  wc  learn  that  the  deviation  from  the  meii- 
dian  and  the  deviation  from  the  horizontal  line  are  not  afied- 
ed  at  the  same  time.     Van  Swindcn  ascribes  them  solely  to 
changes  produced  on  the  needles  themselves.     If  their  mag- 
netism be  greatly  deranged  by  the  sun^s  position,  it  may 
throw  the  magnetic  centre  away  from  the  centre  of  the 
needled  motion,  and  thus  may  produce  a  very  small  change 
of  position.     But  if  this  be  the  cause,  we  should  expect  dif' 
ferences  in  different  needles.     Van  Swinden  savs,  that  there 
are  such,  and  that  they  are  very  great ;  but  as  he  has  not 
specified  them,  we  cannot  draw  any  conclusion. 

But,  besides  this  regular  diurnal  variation,  there  is  ano- 
ther, which  is  subjected  to  no  rule.  The  aurora  borealis 
is  oliserved  (in  Europe)  to  disturb  the  needle  exceedin^y, 
sometimes  drawing  it  several  degrees  from  its  position.  It 
is  always  observed  to  increase  its  deviation  from  the  meri- 
dian, that  is,  an  aurora  borealis  makes  tlie  needle  pmnt  more 
westerly     This  disturbance  sometimes  amounts  to  six  or 
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seven  degrees,  and  is  generally  observed  to  be  greatest  when 
the  aurora  borealis  is  roost  remarkable. 

This  b  a  very  curious  phenomenon,  and  we  have  not 
been  able  to  find  any  connection  between  this  meteor  and 
the  pomtion  of  a  magnetic  needle.  It  is  to  be  observed, 
diat  a  needle  of  copper  or  wood,  or  any  substance  besides 
iron,  is  not  affected.  \Vc  long  thought  it  an  electric  phe- 
QoacDon,  and  that  the  needle  was  affected  as  any  other 
bodj  Uanoed  in  the  Hime  manner  would  be ;  but  a  copper 
needle  would  then  be  affected.  Indeed  it  may  still  be  doubt- 
ed wlMeCher  the  aurora  borealis  be  an  electric  phenomenon. 
Thej  are  very  frequent  and  reirlarkable  in  Sweden ;  and  yet 
Beigman  aaya,  that  he  never  pbserved  any  electric  symptoms 
about  them,  though  in  the  mean  time  the  magnetic  needle 
ivas  greedy  affected. 

We  see  the  needle  frequently  disturbed  both  from  its  ge- 
neral amrail  position,  and  from  the  change  made  on  it  by 
the  diunial  variation.  This  irprobably  the  effect  of  aurone 
faorealee  which  are  invisible,  either  on  account  of  thick 
weather  or  day-hght.  Van  Swindcn  says,  he  seldom  or 
nevcrfiuled  to  observe  auroi  se  boreales  immediately  afler  any 
ittlMMddlift  ihotion  of  the  needle ;  and  concluded  that  there 
had  bcfifch  Me  at  the  time,  though  he  could  not  see  it.  Since 
no  Medle  but  a  magnetic  one  is  affected  by  the  aurora  bo- 
.  teafia,  we  tnay  conclude  that  there  is  some  natural  connec- 
tion between  this  meteor  and  magnetism.  This  should  far- 
ther incite  us  to  observe  the  circumstance  formerly  mention- 
-  cdy  ra.  that  the  south  end  of  the  dipping  needle  points  to 
'that  part  of  the  heavens  where  the  rays  of  the  aurora  appear 
to  oiiiiverge.  We  wish  that  this  were  diligently  observed  iqi 
plaees  which  have  v^ry  different  variation  and  dip  of  the  ma- 
riner^s  Medle. 

'  Fdr  tb^  diurnal  and  this  irregular  variation,  consult  the 
IXin^tAtiotis  of  Celsius  and  of  Hiorter,  in  the  Memxdra  of 
SAtdchUm ;  Wargentin,  Philosophical  TranaaclumSy  VoL  46. 
Bhfcun  OmmetU.  PHropoL  Abm,  T  V.  VII.  IX. ;  Graham 
and  Cantpn  as  above. 
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338.  When  the  considerate  reader  reflects  on  the  large  and 
almost  numberless  dissertations  on  this  subject,  by  the  moit 
eminent  philosophers,  mathematicians,  and  artists,  both  of 
ancient  and  modem  times,  and  the  important  points  which 
divided,  and  still  divide,  their  opinions,  he  will  not  surely 
expect,  in  a  Work  like  this,  the  decision  of  a  quesuon  which 
has  hitherto  eluded  their  researches.    He  will  ratlicr  be  disn 
posed,  perhaps,  to  wonder  how  a  subject  of  this  nature  ever 
acquired  such  importance  in  the  minds  of  persons  of  such  ac- 
knowledged talents  as  Pythagoras,  Aristotle,  £uclid,  Ptol&> 
my,  Galileo,  Wallis,  Euler,  and  many  others,  who  have  writ- 
ten elaborate  treatises  on  the  subject ;  and  his  surprise  will 
increase,  when  he  knows  that  the  treatises  on  the  scale  of  mu- 
sic .are  as  numerous  and  voluminous  in  China,  without  any 
appearance  of  their  being  borrowed  from  the  ingenious  an4 
cpeculative  Greeks. 
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ingenious,  in  all  cultivated  nations,  have  remarked 
il  infiuenoe  of  music ;  and  they  found  no  difficult/ 
iiadii^  the  nations  that  it  was  a  gift  of  the  gods, 
and  his  sacred  choir  are  perhaps  the  most  respect- 
labitants  of  the  mythological  heavens  of  the  Greeks 
»re  all  nations  have  considered  music  as  a  proper  part 
pelig^us  worship.  We  doubt  not  but  that  they  found 
exciting  or  supporting  those  emotions  and  sentiments 
rare  suited  to  adoration,  thanks,  or  petition.  Nor 
lie  Greeks  have  admitted  music  into  their  serious 
if  they  had  not  perceived  that  it  heightened  the  ef- 
lie  same  experience  made  them  employ  it  as  an  aid 
ly  enthusiasm ;  and  it  is  recorded  as  one  of  the  re- 
9  aeeomplishments  of  Epaminondas,  that  he  had  the 
instructions  of  the  first  masters^  and  was  eminent  a$ 


the  study  of  music  ennobled,  and  recommend* 
10  attention  of  the  greatest  philosophers.  Its  cul- 
was  held  an  object  of  national  concern,  and  its 
%  were  not  allowed  to  corrupt  it  in  order  to  gratify 
lions  taste  of  the  luxurious  or  the  sensualist,  who 
txn  it  nothing  but  amusement.  But  its  influence 
confined  to  these  public  purposes ;  and,  while  the 
peculation  found  in  music  an  inexhaustible  fund  of 
ent  for  their  genius  and  penetration,  and  their  poets 
i  in  their  compositions,  it  was  hailed  by  persons  of 
as  the  soother  of  the  cares  and  anxieties,  and  sweet- 
ie labours  of  life.     O  PhcAe  decus ! — laborum  duhc 

:  is  chiefly  in  this  humble  department  of  musical  in- 
lat  we  propose  at  present  to  lend  our  aid. 
aMe  to  tune  a  harpsichord  with  certainty  and  ac- 
eems  an  indispensible  qualification  of  any  person 
r  the  name  of  a  musician.  It  would  certainly  be 
m  unpardonable  deficiency  in  a  violin  performer  if 
not  tune  his  instrument ;  yet  we  are  well  inform* 
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ed,  that  many  professional  perfornfiers  on  the  harpskbonl 
cunnot  do  it,  or  cannot  do  it  any  other  way  than  bj  onoer- 
tain  and  painful  trial,  and,  as  it  were,  groping  in  tbeduk; 
and  that  the  tuning  of  harpsichords  atid  organs  is  conmuttod 
entirely  to  tuners  by  profession.  This  is  a  great  incoim* 
nience  to  persons  residing  in  the  country ;  and  theRfav 
many  take  lessons  from  the  pmfessed  harpsichord  tuno^ 
who  also  profess  to  teach  this  art.  We  have  been  prcMl 
during  sonic  of  these  lessons ;  but  it  did  not  appear  to  m 
that  the  instructions  were  such  as  could  enable  the  sdiolir 
to  tune  an  instrument  when  alone,  unless  the  lessoM  luil 
been  so  frequent  as  to  form  the  ear  to  an  instantaneous  judge* 
ment  of  tune  by  the  same  habit  that  had  instructed  the  teicb- 
er.  There  seemed  to  be  little  principle  that  could  be  trea- 
sured up  and  recollected  when  wanted. 

330.  Yet  we  cannot  help  thinking  that  there  are  phcMO^ 
na  of  facts  in  music,  sufficiently  precise  to  furnish  priodpin 
of  absolute  certainty  for  enabling  us  to  produce  temperip 
mcnts  of  the  scale  which  shall  have  determined  charsden^ 
and  among  which  we  may  choose  such  a  one  as  shall  be  pn- 
ferablc  to  the  others,  according  to  the  purposes  we  have  is 
view  ;  and  we  think  that  these  principles  are  of  sud  etfj 
application,  that  any  person,  of  a  moderate  sensibility  to  just 
intonation,  may,  without  much  knowledge  or  practice  in  do- 
sic,  tune  his  harpsichord  with  all  desirable  accuracy.    We 
propose  to  lay  these  before  the  reader.     We  might  conteBt 
ourselves  with  simply  giving  the  practical  rules  deduced  frrto 
the  principles;  but  it  is  surely  more  desirable  to  perceive 
the  validity  of  the  j)rinciples.     This  will  give  us  confidence 
in  the  deduced  rules  of  practice. 

'331 .  It  is  a  most  remarkable  fact,  that,  in  all  nations,  how- 
ever they  may  differ  in  the  structure  of  that  chaunt  which 
we  call  the  accent,  or  tone,  or  twang,  in  the  colloquial  lan- 
guage of  a  particular  nation,  or  in  the  favourite  phrases  or 
))assages  which  are  most  frequent  in  their  songs,  all  men 
iiinke  use  of  the  same  rises  and  falls,  or  inflections  of  voice 
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eir  musical  language  or  airs.  We  have  heard  the  songs 
e  Iroquois,  the  Cherokee,  and  the  Esquimaux,  of  the 
b^  and  the  inhabitant  of  Paraguay  ;  of  the  African  of 
dand  and  of  the  Cape,  and  of  the  Hindoo,  the  Malay, 
the  native  of  Otaheite — and  wc  found  none  that  made 
)f  a  diflTerent  scale  from  our  own,  although  several  sccm- 
>  be  very  sorry  performers  by  any  scale.  There  must 
me  natural  foundation  for  this  uniformity.  We  may 
r  diioover  this ;  but  we  may  be  fortunate  enough  to 
fver  &et&  in  the  phenomena  of  sound  which  invariably 
■pany  certain  modifications  of  musical  sentiment.  If 
xseeed,  we  are  entitled  to  suppose  that  such  inseparable 
amoiw  are  naturally  connected ;  and  to  conclude,  that 
can  insure  the  appearance  of  those  facts  in  sound,  we 
alflo  give  occasion  to  those  musical  sentiments  or  im* 


i2.  There  is  a  quality  in  lengthened  or  continued  sound 
h  we  caD  its  pitch  or  note,  by  which  it  may  be  account- 
iriU  cr  hoarse.  It  may  be  very  hoarse  in  the  beginning, 
luring  its  continuance  it  may  grow  more  and  more  shrill 
ipenaeptible  gradations.  In  this  case  wc  are  sensible  of 
d  of  progress  from  the  one  state  of  sound  to  the  other. 
1^  while  we  gently  draw  the  bow  across  the  string 
MUM  viol,  if  wc  at  tlie  same  time  slide  the  finger  slowly 
;  the  string,  from  the  nut  toward  the  bridge,  the  sound, 
being  hoarse,  becomes  gradually  acute  or  shrill, 
•e  and  shrill  therefore  are  not  difierent  qualities,  al- 
[h  they  have  different  names,  but  are  different  states 
grees  of  the  same  quality,  like  cold  and  heat,  near  and 
iarly  and  late,  or,  what  is  common  to  all  tlicse,  little 
{feat  A  certain  state  of  the  air  is  accounted  neither 
or  cold.  All  states  on  one  side  of  this  are  called  warm 
it ;  and  all  on  the  other  are  cold.  In  like  manner,  a 
a  sound  is  the  boundary  between  those  that  are  called 
e  and  tliose  called  shrill.  The  chemist  is  accustomed 
r,  that  the  temperature  of  a  body  is  higher  when  it  is 
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warmer,  and  lower  when  colder.  In  like  manner,  vean 
accustomed  to  say,  that  a  person  raises  or  depieiKi  tk 
pitch  of  his  voice  when  it  becomes  more  shrill  or  moKhoarKi 
The  antient  Greeks,  however,  called  the  shriller  soandilMi 
and  the  hoarser  sounds  high;  prubablj  because  the  homer 
sounds  arc  generally  stronger  or  louder,  which  we  are  ibo 
accustomed  to  consider  as  higher.  In  common  kmgiiagc^i 
low  pitch  of  voice  means  a  faint  sound,  but  in  muncd  iiB- 
guage  it  meanK  a  hoarser  sound.  The  sound  that  is  ncidKr 
hoarse  nor  shrill  is  some  ordinary*  pitch  of  voice,  but  witkot 
any  precise  criterion. 

333.  The  change  observed  in  the  pitch  of  a  viofin  stiii^i 
when  the  finger  is  carried  along  the  finger-board  with  a  con- 
tinued motion,  is  also  continuous ;  that  is,  not  hj  stirti: 
we  call  it  gradual,  for  want  of  a  better  term,  althoa|^  gn^ 
dual  properly  means  gradatim,  by  degrees,  steps,  or  Marti» 
which  are  not  to  be  distinguished  in  this  experiment.   Bot 
we  may  make  the  experiment  in  another  way.    After  soohI- 
ing  the  open  string,  and  while  the  bow  is  yet  moving  acM 
it,  we  may  put  down  the  finger  about  1|  inches  from  tlie 
nut.     This  will  change  the  sound  into  one  which  is  itiuill^ 
shriller  than  the  former,  and  there  is  a  manifest  start  fioa 
the  one  to  the  other.     Or  we  may  put  down  the  finger  8} 
inches  from  the  nut ;    the  sound  of  the  open  string  viU 
change  to  a  shriller  sounri,  and  we  are  sensible  that  tlus 
change  or  step  is  greater  than  the  former.     Movaover,  ire 
may,  while  drawing  the  bow  across  the  string,  put  down  oM 
finger  at  1 }  inches,  and,  immediately  after,  put  down  an- 
other fixmer  at  2i  inches  from  the  nut.     We  shall  have 
three  sounds  in  succession,  each  more  shrill  than  the  pr^ 
ceding,  with  two  manifest  steps,  or  subsultory  changes  of 
pitcli. 

33i.  Now  since  the  last  sound  is  the  same  as  if  the  second 
had  not  been  sounded,  we  must  conceive  the  sum  of  the  two 
successive  changes  as  equivalent  or  equal  to  the  change 
fioin  the  first  to  the  third     This  change  seems  aomebow  to 
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the  other  two,  and  to  be  made  tip  of  them,  as  a 

made  up  of  its  parts,  or  as  2}  inches  are  made  up 

d  ^  of  an  inch,  or  as  the  sum  15  is  made  up  of  10 

Tbus'  it  happens  that  thinking  persons  conceive 
ig  like  or  analogous  to  a  distance,  or  interval,  be- 
lese  sounds.  It  is  plain,  however,  that  there  can 
a!  distance  or  space  interposed  between  them  ;  and 
i  easy  to  acquire  a  distinct  notion  of  tlie  bulk  or 
da  of  these  intervals.  This  conception  is  purely  fi- 
iad  analogical ;  but  the  analogy  is  very  good,  and 
rvation  of  it,  or  conjecture  about  it,  has  been  of 
rvioe  in  the  science  of  music,  by  making  us  search 
precise  measure  of  those  manifest  intervals  of  musi- 
da. 

It  most  now  be  remarked,  that  it  is  in  this  respect 
at  iomids  are  susceptible  of  music.  Nor  are  all 
of  this  quality.  The  smack  of  a  whip, 
of  a  musket,  the  rushing  of  water  or  wind,  the 
if  aoBie  animals,  and  many  other  sounds,  both  mo- 
aod  continuous,  are  mere  noises ;  and  can  neither 
I  hoarse  nor  shrill.  But,  on  the  other  hand,  many 
which  differ  in  a  thousand  circumstances  of  loudness, 
ess,  mellowness,  &c.  which  make  them  pleasant  or 
iUe,  have  this  quality  of  musical  pitch,  and  may 
f  be  compared.  The  voice  of  a  man  or  woman,  the 
'a  pipe,  a  bell,  a  string,  the  voice  of  an  animal,  nay 
e  blow  on  an  empty  cask— may  all  have  one  pilch, 
sy  be  sensible  of  the  interval  between  them.  We 
ill  cases,  tighten  or  slacken  the  string  of  a  violin, 
Host  uninformed  hearer  can  pronounce  with  cer- 
at  the  pitch  is  the  same.  We  are  indebted  to  the 
d  Galileo  for  the  discovery  of  that  physical  cir- 
»  in  allfthose  sounds  which  communicates  this 
lie  quah^  to  them,  and  ^ven  enables  us  to  in« 
on  any  noise  whatever,  and  to  determine,  with 
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the  utmost  precision,  the  musical  pitch  of  the  Mraad,  aat 
the  interval  between  any  two  such  sounds.  OF  tlib  «e 
shall  speak  fullj  hereafter;  and  at  present  we  onlyafaiene, 
that  two  sounds,  having  the  same  pitch,  are  called  nrnon 
by  musicians,  or  are  said  to  be  in  umsou  to  one  another. 

837.  When  two  untaught  men  attempt  to  sing  the  mak 
air  together,  they  always  sing  in  unison,  unless  they  eiiiM^ 
ly  mean  to  sing  in  different  pitches  of  voice:  Nay,  it  iia 
extremely  diflScult  thing  to  do  otherwise,  except  in  a  fiv 
very  peculiar  cases.  Also,  when  a  man  and  woman,  wklj 
uninstructcd  in  mu^c,  attempt  to  sing  the  same  air,  thcj^ 
so  mean  to  sing  the  same  musical  notes  through  the  whole 
air;  and  they  generally  ima^ne  that  they  do  sa  But 
there  is  a  manifest  difference  in  the  sounds  whidi  they  ut- 
ter, and  the  woman  is  said  to  sing  more  shrill,  md  the 
man  more  hoabsk.  A  very  plain  experiment,  howefcr, 
will  convince  them  that  they  are  mistaken.  N.  B.  We  sie 
DOW  supposing  that  the  performers  have  so  much  off  a  noa- 
cal  ear,  and  flexible  voice,  as  to  be  able  to  sing  a  eoaoMm 
l)allad,  or  a  psalm  tune,  with  tolerable  exactness,  and  dut 
tliey  can  prolong  or  dwell  upon  any  particular  note  when 
desired. 

Let  them  sing  the  common  psalm  tune  called  St  Dand*» 
in  the  same  way  that  they  practice  at  church  ;  and  whenthej 
have  done  it  two  or  three  times,  in  order  to  fix  their  vaM 
in  tune,  and  to  feci  the  general  impression  of  the  tune,  kt 
the  woman  hold  on  in  the  first  note  of  the  tune,  whidi  ^ 
suppose  to  be  g,  while  the  man  sings  the  first  three  in  siK- 
cession,  namely  g-,  rf,  g.     He  will  now  perceive,  that  the  last 
note  sung  by  himself  is  the  same  with  that  sung  by  the  wo- 
man, and  which  she  thinks  that  she  is  still  holding  on  in  the 
lirst  note  of  the  tune.     Let  this  Iki  repeated  till  the  perform- 
ance becomes  easy.     They  will  then  perceive  the  perftct 
sameness,  in  respect  of  musical  pitch,  of^the  woman's  first 
note  of  this  tune  and  the  man's  third  note.    Some  differenoe 
however,  will  still  be  perceived ;  but  it  will  not  be  in  the 
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ilicSi»  but  in  the  smoothness,  or  clearness,  or  otheo  agreeable 
mBtj  of  the  woman's  note. 

'8SB*  When  thb  is  plainly  perceived,  let  the  man  try  by 
UmL  continued  steps  he  must  raise  his  pitch,  in  order  to 
rme  at  the  woman's  note  from  his  own.  If  he  has  been  ac- 
mioaMd  to  common  ballad  singing,  he  will  have  no  great 
Bflenhy  in  doing  tliis ;  and  will  find  that,  beginning  with 
lb dWB  note,  and  singing,  gradually  up,  his  eighth  note  will 
se  the  w«iiiian'*8  note.  In  short,  if  two  flutes  be  taken,  cue 
df  irhkit  is  twiee  as*  long  as  the  other,  and  if  the  man  sing 
in  niUMNl  with  the  large  flute,  the  woman,  while  singing,  as 
she  tkiiiks^  the  same  notes  with  the  man,  will  be  found  to 
bt'flog^ng  in  unison  with  the  smaller  flute. 

S9B.  This  is  a  remarkable  and  most  important  fact  in  the 
{dwnoiiieiia  of  music.  This  interval,  comprehending  and 
made  up  of  seven  smaller  intervals,  and  requiring  eight 
sounds  to  mark  its  steps,  is  therefore  called  an  octave. 
Now,  ainee  die  female  performer  follows  the  same  dictates 
of  natunl  ear  in  singing  her  tune  that  the  man  follows  in 
Hnging  lui^  end  all  hearers  are  sensible  that  they  arc  singing 
the  seme  tune,  it  necessarily  follows,  that  the  two  serieses 
of  notee  ere  perfectly  similar,  though  not  the  same :  For 
Ihere  must  be  the  same  interval  of  an  octave  between  any 
itep  of  the  lower  octave  and  the  same  step  of  the  upper  one. 
in  whatever  way,  therefore,  we  conceive  one  of  these  octaves 
to  be  parcelled  out  Jby  the  different  steps,  the  partition  of 
both  must  be  similar.  If  we  represent  both  by  lines,  these 
fines  must  be  similarly  divided.  Each  partial  interval  of  the 
one  must  bear  the  same  relation  to  the  whole,  or  to  any  other 
interval,  as  its  similar  interval  in  the  other  octave  bears  to 
ihe  whcrie  of  that  octave,  or  to  the  other  corresponding  in- 
Isrvalin  it 

340.  Farther,  we  must  now  observe,  that  although  this  si- 
milarity of  the  octaves  was  first  observed  or  discovered  by 
ttsans  of  the  ordinary  voices  of  man  and  woman,  and  is  u 
Intimate  inference  from  the  perfect  satisfaction  tliat  eacli 
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feels  in  singing  what  they  think  the  same  notes,  tUsisDot 
the  only  foundation  or  proof  of  the  similarity.    Haviiy  ao- 
quired  the  knowledge  of  that  physical  circumstanoe^  on 
which  the  pitch  of  musical  sounds  depends,  we  can  dami- 
strate,  with  all  the  rigour  of  geometry,  that  the  seveni  notes 
in  the  man  and  woman^s  octave  nrnst  have  the  same  rdition 
to  their  respective  commencements,  and  that  these  twogmt 
intervals  are  umilarly  divided.     But  farther  sdll,  we  cia 
demonstrate  that  this  similarity  is  not  confined  to  theie  two 
octaves.    This  may  even  be  proved,  to  a  certain  extenti  hj 
the  same  original  experiment     Many  men  can  ung  two  oc- 
taves in  succession,  and  there  are  some  rare  examples  of  po^ 
sons  who  can  sing  three.     This  is  more  commoo  io  tbe  fe- 
male voice.     This  being  the  case,  it  is  plain  that  there  will 
be  two  octaves  common  to  both  voices ;  and  therebre  four 
octaves  in  succession,  all  similar  to  each  other.    The  isme 
similarity  may  be  observed  in  the  sounds  of  instrumcDti 
which  differ  only  by  an  octave.    And  thus  we  demoiutnte 
that  all  octaves  are  similar  to  each  other.     This  umilaritjr 
does  not  consist  merely  in  the  similarity  of  itsdiviaon.  The 
sound  of  a  note  and  its  octave  arc  so  like  each  other,  tbstif 
the  strength  or  loudness  be  properly  adjusted,  and  there  be 
no  difference  in  kind,  or  other  circumstances  of  clearness 
smoothness,  &c.  the  two  notes,  when  sounded  together,  sre 
indistinguishable,  and  appear  only  like-  a  more  brilli>Dt 
note.     They  coalesce  into  one  sound.    Nay,  most  clear  hkI" 
low  notes,  such  as  those  of  a  fine  human  voice,  really  oMH 
tain  each  two  notes,  one  of  which  is  octave  to  the  other. 

341.  We  said  that  this  resemblance  of  octaves  is  an  im- 
portant fact  in  the  science  of  music.  We  now  see  why  it 
is  so.  The  whole  scale  of  music  is  contained  in  one  octave, 
and  all  the  rest  are  only  repetitions  of  thb  scale.  And  thui 
is  the  doctrine  of  the  scale*of  melody  brought  within  a  very 
moderate  compass,  and  the  problem  is  reduoLKi  to  that  of  the* 
repartition  of  a  single  octave,  and  some  attention  to  tho 
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(iM&da  trith  tte  timilar  scales  of  the  adjoining  octaves. 
iMi  parliliorl  is  now  to  be  the  subject  of  discussion. 

S^IS,  In  the  infancy  of  society  and  cultivation,  it  is  proba- 
it  drift  the  melodies  or  tunes,  which  delighted  the  sinipie 
dttbilants,  were  equally  simple.  Being  the  spontaneous 
itiiAms  of  individuals,  perhaps  only  occasional,  and  never 
Iqpcticd,  they  would  perish  as  fast  as  produced.  The  airs 
fiin%  j^Bobably  connected  with  some  of  the  rude  rhimes,  or 
piigyOi  bf  words,  which  were  bandied  about  at  their  festivals ; 
tit  tbUff  #ere  assodated  with  dancing.  In  all  these  cases 
ibffflMtt  hive  been  very  short,  consisting  of  a  few  favourite 
ptMtfJBB  tit  muaic&I  phrases.  This  is  the  case  with  the  oom- 
JMdli  iSti  df  all  simplp  people  to  this  diay.  They  seldom  ex- 
KM  b^^ood  a  short  stanza  of  poetry,  or  a  short  movement 
if  6alDcing.  The  artist  who  could  compose  and  keep  in 
nUA  A  peeeiDf  considerable  length,  must  have  been  a  great 
idntyi  iildmiitiiistrel  fit  for  the  entertmnment  of  princes;  and 
Ift^cKWe  UuA  admired,  and  highly  rewarded :  his  excel- 
elMiai  watt  almost  incommunicable,  and  could  not  be  pre^ 
idHttf  te  itty  other  way  but  by  repeated  performance  to 
iH  iMMIive  hearer,  who  must  also  be  ah  artist,  and  must 
MldciMlj  Eaten,  and  try  to  imitate ;  or,  in  short,  to  get 
Mb  fame  by  heart.  It  must  have  been  a  long  time  before 
tBf  distiiiet  notion  was  formed  of  the  relation  of  the  notes 
D  cadi  other.  It  was  perhaps  impossible  to  recollect  to- 
Itf^  die'preciflpc  notes  of  yesterday.  There  was  nothing  in 
Mdtk  they  were  fixed  till  instrumental  music  was  invent- 
A  This  has  been  found  in  all  nations ;  but  it  appears 
iat  loDg  continued  cultivation  is  necessary  for  raising  this 
tan  m  very  simple  and  imperfect  state.  The  most  refined 
iHnuBent  of  the  Greek  musicians  was  very  far  below  our 
iHj  ordinary  instruments.  And,  till  some  method  of  nota- 
Uq  was  invented,  we  can  scarcely  conceive  hoW  any  detcr- 
AMA  partition  of  the  octave  could  be  made  generally  known. 

SI&  Accordingly,  we  find  that  it  was  not  till  after  a  long 
wtiie^  and  by  very  ntde  and  awkward  steps,  that  the  Greeks 

Wji.  IV.  2  B 


386  TEMPEBAMEKT  OF 

perceived  that  the  whole  of  music  was  comprifled  in  the  o^ 
tave.  The  first  improved  lyre  had  but  four  atringi^  and 
was  therefore  called  a  tktrachord  ;  and  the  first  fiutn  had 
but  three  holes,  and  four  notes ;  and  when  more  were  ad- 
ded to  the  scale,  it  was  done  by  joining  two  lyres  and  two 
flutes  together.  Even  this  is  an  instructive  step  in  the  his* 
tory  of  musical  science :  For  the  four  sounds  of  the  imtni^ 
ment  have  a  natural  system,  and  the  awkward  and  gropisg 
attempts  to  extend  tlie  music,  by  joining  two  instruDMnti^ 
the  scale  of  the  one  following,  or  being  a  ooutinuatioD  of 
that  of  the  other,  pointed  out  the  diapason  or  fofaUjf  of  the 
octave,  and  the  relation  of  the  whole  to  a  principal  aooiid, 
which  we  now  call  the  fundamental  or  iScey,  it  being  the  loir- 
est  note  of  our  scale,  and  the  one  to  which  the  odier  notes 
bear  a  continual  reference.  It  would  far  exceed  tbe  linuts 
of  this  work  to  narrate  the  successive  changes  and  additions 
made  by  the  Greeks  in  their  lyre ;  yet  would  this  be  a  my 
sure  way  of  learning  the  natural  formation  of  our  maHcd 
scale.  We  must  refer  our  readers  to  Dr.  Wallis'*s  Appen- 
dix to  his  edition  of  the  Commentary  of  Porphyrius  in 
Ptolemy's  Harmonics,  as  by  far  the  most  pers{Hcuoiu  ac- 
count that  is  extant  of  the  Greek  music.  We  shall  pick  oat 
from  among  their  different  attempts  such  plain  observatioos 
as  will  be  obvious  to  the  feelings  of  any  person  who  can  ^ng 
a  common  tune. 

344.  Let  such  a  person  first  sing  over  some  plain  sod 
cheerful,  or  at  least  not  mournful,  tune,  several  times,  sou 
to  retain  a  lasting  impression  of  the  chief  note  of  the  tunc, 
which  is  generally  the  last.    Then  let  him  begin,  on  the  same 
note,  to  sing  in  succession  the  rising  steps  of  the  scale,  pn^ 
nouncing  the  syllables  c/o,  re,  mi^fa^  sol,  la,  tt,  do.    He  will 
perhaps  observe,  that  tliis  chaunt  naturally  divides  itself  in- 
to two  parts  or  phrases,  as  the  musicians  term  it.      If  he 
does  not,  of  himself,  make  this  remark,  let  him  sing  it,  hoi^> 
ever,  in  that  manner,  pausing  a  little  afler  the  noteyii.  ThuSi 
rfo,  re,  mi,  fa ;  sol,  la,  si,  da.'^Do,  re,  Whfa ;  sol,  h,  si,dfK 
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**  Honng  done  this  several  times,  and  then  repeated  it  witli- 
«lt  a  pause,  he  will  become  very  sensible  of  the  propriety 
af  the  pause,  and  of  this  natural  division  of  the  octave.  He 
inll  eren  observe  a  considerable  similarity  between  these  two 
musical  phrases,  without  being  able,  at  first,  to  say  in  what 
It  eoDsists. 

S4fi.  Let  him  now  study  each  phrase  apart,  and  try  to  com- 
pare the  magnitude  of  the  changes  of  sound  ;  or  steps  which 
he  makes  in  rising  from  do  to  re,  from  re  to  mt,  and  from  mi 
tojk.  We  apprehend  that  he  will  have  no  difficulty  in  per- 
cemngt  after  a  few  trials,  that  the  steps  do  re,  and  re  mij  are 
eeuriUy  greater  than  the  step  mi  fa,  Wc  feel  the  last  step 
at  a  aort  of  slide ;  as  an  attempt  to  make  as  little  change  of 
pitch  as  we  can.  Once  this  is  perceived,  it  will  never  be  for- 
gotten. This  will  be  still  more  clearly  perceived,  if,  instead 
of  these  syllaUes,  he  use  only  the  vowel  a,  pronounced  as  in 
the  word  haB^  and  if  he  sing  the  steps,  sliding  or  slurring 
ffom  the  one  to  the  other.  Taking  this  method  he  cannot 
fiul  to  notiee  the  smallness  of  the  third  step 

SI6.  Let  the  singer  farther  consider,  whether  lie  does  not 
6el  this  phrase  musical  or  agreeable,  making  a  sort  of  tunc 
or  cfaaunty  and  ending  or  closing  agreeably  after  this  slide 
tf  a  small,  or,  as  it  were,  half  step.  It  is  generally  thought 
id;  and  is  therefore  called  a  close,  a  cadekck,  when  we 
end  with  a  half  step  ascending. 

847.  Let  the  singer  now  resume  the  whole  scale,  singing 
the  four  ]ast  notes  so/,  /a,  m',  c/o,  hiuder  than  the  other  four, 
and  calling  off  his  attention  from  the  low  phrase,  and  fixing 
it  on  the  upper  one.  He  will  now  l)e  able  to  perceive  that 
ttis,  tike  the  other,  has  two  considerable  steps ;  namely,  sol, 
tOf  and  /a,  «!,  and  then  a  smaller  step,  siy  do,  A  few  repeti- 
tions Will  make  this  clear,  and  he  will  then  be  sensible  of 
die  nature  of  the  similarity  between  these  two  phrases,  and 
the  propriety  of*  this  great  division  of  the  scale  into  the  in- 
tenrab  do,  fa,  and  «o/,  do,  with  an  interval  ya,  «o/,  between 

them 
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This  was  the  foundation  of  tlie  tetradiords,  or  lyres  of 
four  strings,  of  the  Grct^ks.  Their  earliest  music  or  moi 
dulation  seems  to  iiavc  extended  no  farther  than  this]^hiiie. 
It  pleased  them,  as  a  ring  of  four  bells  pleases  many  coun- 
try parislies. 

348.  The  singer  will  perceive  the  same  satisfactkm  with 
the  close  of  this  second  phrase  as  with  that  of  the  fonncr: 
and  if  he  now  sing  them  both,  in  immediate  suooesncm,  «idi 
a  slight  pause  between,  we  imagine  that  he  will  tiunk  the 
close  or  cadence  on  the  upper  do  even  more  satisfactorythn 
that  on  the  fa.  It  seems  to  us  to  complete  a  tune.  And 
this  impression  will  be  greatly  heightened,  if  another  per- 
son, or  an  instrument,  should  sound  the  lower  di^  wlnle  he 
closes  on  the  upper  do  its  octave.  Do  seems  to  be  expected, 
or  looked  for,  or  sought  after.  We  take  si  as  a  step  to  lb, 
and  there  we  rest. 

349    Thus  docs  the  octave  appear  to  be  naturally  eompi^ 
scd  of  seven  steps,  of  whicli  the  first,  second,  fburthi  fifth* 
and  sixth,  arc  more  considerable,  and  the  third  and  seventh 
very  sensibly  smaller.      Having  no  direct  measures  of  thor 
quantity,  nor  even  a  very  distinct  notion  of  what  we  metfi 
by  their  quantity,  magnitude,  or  bulk,  we  cannot  pronouocef 
with  any  certainty,  whether  the  grt»ater  steps  are  equal  ot 
unequal ;  and  we  presume  them  to  be  equal.    Nor  have  we 
any  distinct  notion  of  the  proportion  between  the  larger  and 
smaller  steps.      In  a  loose  way  we  call  them  half  notes,  or 
suppose  the  ri^c  from  mi  tofa^  or  from  si  to  do,  to  be  one- 
half  of  that  from  do  to  re.  or  from  re  to  mi, 

35().  Accordingly,  this  seems  to  have  been  all  the  muncal 
science  attained  by  the  Greek  artists,  or  those  who  did  not 
profess  to  speak  philosophically  on  the  subject.  And  even 
after  Pythagoras  published  the  discovery  which  he  had  made, 
or  more  probably  had  picked  up  among  the  Chaldeans  or 
Egyptians,  by  which  it  appeared,  that  accurate  measures  ol 
sounds,  in  respect  to  gravity  and  acuteness,  were  attainable 
it  x'-as  affirmed  by  Aristoxenus,  a  scholar  of  Aristotle,  anc 
other  eminent  philosophers,  that  these  measures  were  alto 
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geChar  ardfiinaly  had  no  connection  with  music,  and  that  the 
car  mlone  was  the  judge  of  musical  intervals.  The  artist 
had  no  other  guide  in  tuning  his  instrument ;  because  the 
ratios,  which  were  said  to  be  inherent  in  the  sounds  (though 
no  person  could  say  how),  were  never  perceived  by  the  ear. 
The  justice  of  this  opinion  is  abundantly  confirmed  by  thp 
swkward  attempt  of  the  Greeks  to  improve  the  lyre  by  means 
of  these  boasted  ratios.  Instead  of  illustrating  the  subject, 
tbej  seem  rather  to  have  brought  an  additional  obscurity 
Ufoa  it,  and  threw  it  into  such  confusion,  that  although 
manj  voluminous  dissertations  were  written  on  it,  and  on 
the  oonqposition  of  their  musical  scale,  the  account  is  so  per- 
plesicd  and  confused,  that  the  first  mathematicians  and  ar- 
tista  of  Europe  acknowledged,  that  the  whole  is  an  impene- 
trable loystery.  Had  the  philosophers  never  meddled  with 
it ;  had  they  allowed  the  practical  musicians  to  construct  and 
tune  thdr  instruments  in  their  own  way,  so  as  to  please 
tbor  eVy  it  is  scarcely  possible  that  they  should  not  have 
hit  oo  what  they  wanted,  witliout  all  the  embarrassment  of 
the  chroiBatic  and  enharmonic  scales  of  the  lyre.  It  is  scarce* 
ly  possible  to  contrive  a  more  cumbersome  method  of  ex- 
tendJBg  the  simple  scale  of  Nature  to  every  case  that  could 
occur  in  their  musical  compositions,  than  what  arose  from 
the  employment  of  the  musical  ratios.  This  seems  a  bold 
aesertion ;  but  wc  apprehend  that  it  will  appear  to  be  just 
as  we  proceed. 

S51.  The  practical  musicians  could  not  be  long  of  finding 
the  want  of  something  more  than  the  mere  diatonic  scale  of 
their  instruments.  As  they  were  always  accompanied  by 
the  voice,  it  would  often  happen  that  a  lyre  or  flute,  perfect- 
ly tuned,  was  too  low  or  too  high  for  the  voice  that  was  to 
accompany  it.  A  singer  can  fMtch  his  tune  on  any  sound 
as  a  key ;  and  if  this  be  too  high  for  the  singer  who  Is  to  ac- 
oomfMuay  him,  he  can  take  it  on  a  lower  note.  But  a  lyrist 
oumot  do  this.  Suppose  his  instrument  two  notes  too  low, 
and  that  his  aocompanyist  can  only  bing  it  on  the  key  whiob 
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IS  the  41  of  the  lyre.  Should  the  lyrist  begia  it  on  that  kqri 
'lis  very  first  step  is  wrongs  being  but  a  half  step,  wherenil 
!>liould  be  a  whole  one.  In  short,  all  the  steps  butoneiitt 
be  found  wrong,  and  the  lyrist  and  singer  will  be  perpetoal- 
V  jarring.  This  is  an  evident  consequence  of  tlie  inequal'^ 
ty  of  I  he  fourth  and  seventh  steps  to  the  rest.  And  if  the 
other  step,  which  we  imagine  to  be  equal,  be  not  exactly 
bo,  the  discordance  will  be  still  greater. 

The  metliod  of  remedying  this  is  very  obvious.     If  the 
uiter\'als  mi  fa  and  sido^  are  half  notes,  we  need  only  to  in- 
terpose other  sounds  in  the  middle  between  each  of  the  whole 
notes ;  and  then,  in  place  of  seven  unequal  steps,  we  shall 
Iiavc  twelve  equal  ones,  or  twelve  intervals,  each  of  them 
equal  to  a  semitone.      The  Jyre  thus  constructed  will  now 
suit  any  voice  whatever.  It  will  perfectly  resemble  our  keyed 
instruments,  the  harpsichord,  or  organ,  which  have  twelve 
seemingly  equal  intervals  in  the  octave.   Accordingly,  it  ap- 
pears that  such  additions  were  practised  by  the  musicians  of 
Greece,  and  approved  of  by  Aristoxcnus,  and  by  all  those 
who  referred  every  thing  to  the  judgment  of  the  ear.     And 
we  arc  confident  that  this  method  would  have  been  adopted, 
if  the  philosophers  had  had  less  influence,  and  if  the  Greeks 
had  not  borrowed  their  religious  ceremonies  along  with  their 
musical  science.     Both  of  these  came  from  the  same  quar- 
ter ;  they  came  united  ;  and  it  was  sacrilegious  to  attempt 
jnnovalioiis.     The  doctrine  of  musical  ratios  was  an  occupa- 
tion only  for  the  refined,  the  philosophers;  and  by  subject- 
ing music  to  this  mysterious  science,  it  became  my sterious al- 
so, and  so  much  the  more  venerable.    The  philosophers  saw, 
that  there  was  in  Nature  a  certain  inscrutable  connection  be- 
tween mathematical  ratios  and  those  intervals  which  the  ear 
relished  and  required  in  melody  ;  but  they  were  ignorant  of 
the  nature  and  extent  of  this  amnection. 

What  is  this  connection,  or  what  is  meant  when  we  speak 
of  the  ratios  of  sounds !  Simply  this : — Pythagoras  is  said  to 
have  found,  that  if  two  musical  cords  be  strained  by  equal 
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^^^ghts,  and  one  of  them  be  twice  the  length  of  the  other, 
^ediort  one  will  sound  the  octave  to  the  note  of  the  other. 
^f  it  be  two-thirds  of  the  length  of  the  long  string,  it  will 
^Oimd  the  fifth  to  it.   If  the  long  string  sound  Jo,  the  short 
^De  irill  sound  90I.      If  it  be  three-fourths  of  the  length,  it 
Will  sound  the  fourth  or^a.      Thus  the  ratio  of  2  :  1  was 
Called  the  rado  of  the  diapason  ;  that  of  3  :  2  was  called 
tht  ntAPBKTB ;  and  that  of  4  :  3  the  diatkssaho};.    More- 
over, if  we  now  take  all  the  four  strings,  and  make  that  which 
sounds  the  gravest  note,  and  is  the  longest,  twelve  inches  in 
length  ;  the  tdiort  or  octave  string  must  be  six  inches  long, 
or  ODe-half  of  twelve ;  thediapente  must  be  eight  inches,  or 
two-tlmds  of  twelve ;  and  the  diatessaron  must  be  nine  in- 
cheSy  wluch  is  three- fourths  of  twelve.     If  we  now  compare 
tbe  diapente^not  with  the  gravest  string,  but  with  the  octave 
of  us.  indies,  we  see  that  they  are  in  the  ratio  of  4  to  3,  or 
lihe  latiD  of  dBatessaron.  And  if  wc  compare  the  diatessaron 
with  the  octBve,  we  see  that  their  ratio  is  that  of  9  :  6,  or  of 
3 :  2,  or  the  ratio  of  diapente.    Thus  is  the  octave  divided 
into  a  6fth  and  a  fourth,  do  soly  and  sol  do,  in  succession. 
Also  the  iburth  dofa^  and  the  fifth  yb  do,  make  up  the  oc- 
tave.  The  note  which  stands  as  a  fifth  to  one  of  tlie  extreme 
sounds  of  the  octave,  stands  as  a  fourth  to  the  other.   And, 
lastly,  the  two  fourths  dofa^  and  sol  doy  leave  an  interval, 
Ja  $ol  between  them ;  which  is  also  determined  by  nature, 
and  the  ratio  corresponding  to  it  is  evidently  that  of  9  to  8. 
353.  This  is  all  that  was  known  of  the  connection  of  mu- 
sic with  mathematical  ratios.     It  is  indeed  said  by  lambli* 
dbus,  that  Pythagoras  did  not  make  this  discovery  by  means 
of  strings,  but  by  the  sounds  made  by  the  hammers  on  the 
aunril  in  a  smith's  shop.     He  observed  the  sounds  to  be  the 
key,  the  diatessaron,  and  the  diapente  of  music ;  and  he 
found,  that  the  weights  of  the  hammers  were  in  this  propor- 
tion ;  and  as  soon  as  he  went  home,  he  tried  the  sounds  made 
faj  cords,  when  weights,  in  the  proportions  above-mention- 
ed, were  appended  to  them.     But  the  whole  story  has  the 
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air  of  a  Fable,  and  oF  ignorance.  The  sounds  given  by  « 
smitlf  s  anvil  have  little  or  no  dependanoe  on  the  weight  of 
the  liamnicrs ;  and  the  weights  which  are  in  the  proportioos 
oF  the  nunil)ers  mentioned  above  will  by  no  means  produce 
the  sounds  alleged.  It  requires yiiar  times  the  wdght  to 
make  a  string  niund  the  octave,  and  twice  and  a  quarter  wiD 
produce  the  diapente,  and  once  and  sevens-ninths  will  prpduoe 
tlie  diatessaron.  It  is  plain,  therefore,  that  they  knev  not 
of  what  they  were  speaking :  yet,  on  this  slight  foundation, 
they  erected  a  vast  fabric  of  speculation ;  and  in  the  owne 
of  their  researches,  these  ratios  were  found  to  contain  all  thai 
was  excellent.  The  attributes  of  the  Divinity,  the  ijrinme- 
try  of  the  universe,  and  the  principles  of  morality,  woe  all 
resolvable  into  the  harmonic  ratios. 

353.  In  the  attempts  to  explain,  by  means  of  the  mjste- 
rious  properties  of  the  ratios  2  :  1,  3  :  S,  4  :  3,  and  9: 8, 
which  were  thus  defined  by  Nature,  it  was  observed,  thit 
tlicir  favourite  lyres  of  four  strings  could  be  combined  in 
two  principal  manners,  so  as  to  produce  an  extenavc  floie> 
One  lyre  may  contain  the  notes  doy  re,  mi^fa  ;  and  theacuter 
lyre  may  contain  the  notes  W,  /a,  6/,  do ;  and,  being  Ktia 
succession,  having  the  interval  yjy  sol  between  the  highest 
note  of  the  one  and  the  lowest  of  the  other,  they  make  a 
conij)lL'te  octave.      These  were  called  disjoined  tetrachiarii' 
Again,  a  third  tctrachord  may  be  joined  with  the  upper  te- 
trachord  last  mentioned,  in  such  sort,  that  the  lowest  note 
of  the  third  tctrachord  may  be  the  same  with  the  highest  of 
the  second.     These  were  called  conjoined  tetrochords^'. 

351.  Wy  thus  considering  the  scale  as  made  up  of  tetra* 
chords,  the  tuning  of  the  lyre  was  reduced  to  great  simpli' 


*  This  i5  the  pruiciptr^  but  not  the  precivc /orrn,  of  Ibc  disjoiueiJ  anJ  conjua^ 
tctrarhords.  The  Greeks  did  not  begin  the  tctrachord  nith  what  we  make  tilt 
firit  uoto  of  our  chaiint  of  four  notes,  but  bc;;an  one  of  them  with  mi,  and  the 
oUier  w;th  ti ;  to  which  they  afterwardf  added  a  note  below.  This  beginniog 
fecms  to  have  been  directed  by  some  of  their  favourite  cadences  ;  but  it  irouU 
he  tedious  to  explain  it. 
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;ai^  The  muaicaiui  had  only  to  make  himself  perfect  in  the 
ihort  chauQt  do^  re^  mi^fa^  or  to  get  it  by  heart,  and  to  sing 
it  in^ctly*  This  intonation  would  apply  equally  to  the  other 
pqj^  Ict^  si^  Jo*  We  are  well  informed  tliat  this  was  really  the 
[Hfieuoe.  The  directions  given  by  Aristoxenus,  Nicanor, 
iml  other%  §pr  varying  the  tuning,  according  to  certain  oc- 
fUmnp'^  apopminodadoos,  diew  distinctly  that  they  did  not 
hiiie  9s  ^  4d»  sounding  the  two  strings  together,  except  in 
the  caae  of  the  diapason  or  octave.  It  was  all  done  by  the 
ludgNHpit  of  the  ear  in  melody.  The  most  valuable  circtim- 
Itfuoii  in  the  discovery  of  Pythagoras  was  the  determinatioii 
4  tbe  interval  between  the  fourth  and  tlie  fifth,  by  whicli 
h^  tetrachenls  were  separated.  The  filling  up  of  each  te- 
ndiosd  was  left  entirely  to  the  ear ;  and  when  the  doctrine 
f  ih^  majdieniatical  ratios  shewed  that  the  large  intervals  do 
nc^  re  wd^fa  moI,  90I  la,  la  at,  should  npt  be  precisely  equal, 
AfiatCTfOTlpi  refused  the  authority  of  the  reasons  alleged  for 
this  infqiitf^j],  because  the  ear  perceived  none  of  the  ratios 
u  nUioii  m4  eould  judge  only  of  sounds.  He  farther  as- 
■ertei^  ttpft  th^  inequalities  which  the  Pythagoreans  enjoin- 
^  PHf  ao  trifling,  that  no  ear  could  possibly  perceive  them. 
Afid  iMMiU.ngly,  the  theorists  disputed  about  the  respective 
it|iali<ww  of  the  greater  and  smaller  tones  (so  they  named  the 
liept  9^bopo)  so  much  spoken  of,  and  had  different  systems  on 
theauliject 

S55.  But  the  strongest  proof  of  the  indistinct  notion  that 
ti|e  theorists  entertained  about  the  influence  of  these  ratios 
19  ipusj^  is,  that  they  would  admit  no  more  but  those  intro- 
duced by  Pythagoras ;  and  their  reasons  for  the  rejection  of 
ihe  nlio  of  5  to  4,  and  of  6  to  5,  were  either  the  most  wliim- 
m1  fiucies  about  the  perfections  of  tlie  sacred  ratios,  or  as- 
ipiDptioiiu  expressly  founded  on  the  supposition,  that  the 
fmr  perceives  and  judges  of  the  ratios- as  ratios ;  than  which 
90t|uqg  can  be  more  false.  Had  tliey  admitted  the  ratio 
rf  6  to  4v  they  would  have  obtained  the  third  note  of  the 
■01^  and  would  at  oiice  have  gotten  the  whole  scale  of  our 


394  TElf PESAlfKKT  OF 

music.  The  ratios  of  6  :  5,  and  16  :  15,  follow  of  ooane; 
and  every  sound  of  the  tetrachords  would  have  been  deter- 
mined. For  5  :  4  being  the  ratio  of  the  major  third,  vUdi 
is  perfectly  pleasing  to  the  ear,  as  the  mi  to  the  note  da,  nd 
3  :  2  being  the  ratio  of  the  fifth  do  sol^  there  is  another  iih 
terval  mi  sol  determined ;  and  this  ratio,  being  the  differenee 
between  do  sol  and  do  mi^  or  between  3  :  2  and  5  :  4,  is  evi- 
dently 6:5.  In  hke  manner,  the  interval  mi  fa  is  deter- 
mined, and  its  ratio,  being  4  :  3 — 5  :  4,  is  16  :  15. 

But  farther;  we  shall  find,  upon  trial,  that  if  we  put  in  a 
sound  above  «o/,  having  the  relation  5  :  4  to^  it  will  be 
perfectly  satisfactory  to  the  ear  if  sung  as  the  note  fa.  And 
if,  in  like  manner,  we  put  in  a  note  above  /a,  having  the  le- 
lation  5  :  4  to  «o/,  we  find  it  satisfactory  to  the  eir  when 
used  as  si.  If  we  now  examine  the  ratios  of  these  arufioil 
notes,  we  shall  find  the  ratio  of  the  notes  «o/  /a  to  be  10 : 9, 
and  that  of  b  tt  to  be  9  :  8,  the  same  with  that^  sol;  aho 
si  do  will  appear  to  be  16  :  15,  like  that  of  mi  fa. 

We  have  no  remains  of  the  music  of  the  Greeks,  by  whidi 
we  can  learn  what  were  their  favourite  passages  or  muacil 
phrases;  and  we  cannot  see  what  caused  them  to  prefer  the 
fourth  to  the  major  third.   Few  musicians  of  our  times  think 
the  fourth  in  any  degree  comparable  with  the  major  third 
for  melodiousness,  and  still  fewer  for  harmoniousness.  The 
piece  or  tune  published  by  Kjrcher  from  Alypius  is  very  sus- 
picious, as  no  other  person  has  seen  the  MS  ;  and  the  col- 
lection found  at  Buda  is  too  much  disfigured,  and  probably 
of  too  late  a  date,  to  give  us  any  solid  help.     In  all  proba- 
bility, the  common  melodies  of  the  Greeks  abounded  in  easy 
leaps  up  and  down  on  the  third  and  fifth,  and  on  the  fourth 
and  sixth,  just  as  we  observe  in  the  airs  for  dancing  among 
all  simple  people.     Their  accomplished  performers  had  cer- 
tainly great  powers  both  of  invention  and  execution ;  and 
the  chromatic  and  enharmonic  divisions  of  the  scale  were 
certainly  practised  by  them,  and  not  merely  the  speculations 
of  mathematicians^   To  us.  the  enharmonic  scale  appears  the 
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t  jvxing  discord ;  but  this  is  certainly  owing  to  our  not 
1^  my  pieces  of  the  muric  so  oomposedy  and  because  we 
wt  in  the  least  judge  by  harmony  what  the  effect  of  en* 
motiic  melody  would  be.  But  we  have  sufficient  evidence, 
D  the  writings  of  the  ancient  Greeks,  that  the  enharmonic 
lie  fell  into  disuse  even  before  the  time  of  Ptolemy,  and 
'  totally  and  irrecoverably  lost  before  the  5th  century. 
» the  diromatic  was  little  practised,  and  was  chiefly  em- 
yed  for  extending  the  common  scale  to  keys  which  were 
ion  used.     The  uncertainties  respecting  even  the  com- 
II  anle  remained  the  same  as  ever ;  and  although  Ptole* 
pfM  (among  others)  the  very  same  that  is  now  admit- 
as  the  only  perfect  one,  namely,  his  dxatomcum  intensttm^ 
nasons  ci  preference,  though  good,  are  not  urged  with 
mg  ttarks  of  his  confidence  in  them,  nor  do  they  seem  t» 
reprevmledi 

IS6.  These  observations  shew  clearly,  that  the  perception 
aehxly  alone  is  not  sufficiently  precise  for  enabling  us  to 
[uire  eiaat  eoooeptions  of  the  scale  of  munc.  The  whole 
dw  piacticable  science  of  the  ancients  seems  to  amount  to 
more  than  this^  that  the  octave  contained  five  greater  and 
I  smaller  intervals,  which  the  voice  employed,  and  the 
fdiahed.  The  greater  intervals  seemed  all  of  one  mag« 
ode ;  and  the  smaller  intervals  appeared  also  equal,  but 
car  cannot  judge  what  proportion  they  bear  to  the  larger 
ss.  The  musicians  thought  them  larger  than  one-half  of 
*  great  intervals  (and  indeed  the  ratio  16  :  15  of  the  arti- 
al  mi  fa  and  si  do^  is  greater  than  the  half  of  9  :  8  or 
:  9).  Therefore  they  allowed  the  theorists  tocall  them  linu 
$  instead  oFhemitanea ;  but  they,  as  well  as  the  theorists, 
fared  exceed'mgly  in  the  magnitudes  which  they  assigned 


Sfi7.  The  best  way  that  we  can  think  of  for  expressing  the 

ik  of  the  octave  is,  by  di^idingthecircumferenceof  acir- 

I  in  thepcnnts  C,  D,£,  F,  G,  A,  and  B,  (Plate  V.  fig.  1.), 

die  proportion  we  think  most  suitable  to  the  natural 
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scale  of  melody.      According  to  the  practical  notioo  bbv 
under  our  consideration,  the  arches  CD,  D£,  F6,  6A,  ml 
AB,  are  equal,  containing  nearly  59° ;  and  the  archn  EF 
and  BC  are  alsii  equal,  but  smaller  than  the  othcn,  cai- 
taining  about  33  ^     Now,  suppose  another  circle,  on  ipin 
of  card  paper,  divided  in  the  same  manner,  to  move  round 
their  common  centre,  but  instead  of  having  its  points  of  di?i* 
sion  marked  C,  D,  £,  &c.  let  ihem  be  marked  do,  iy,  misfit 
sof^  ta,  si.     It  is  plain,  that  to  whatever  point  of  the  oiittt 
circle  we  set  tlie  point  do  of  the  inner  one,  the  other  points 
of  the  outer  circle  will  shew  the  common  notes  which  are  It 
for  those  steps  of  the  scale.     The  similarity  of  all  oetavci 
makes  this  simple  octave  equivalent  to  a  rectiliaeal  scale  si- 
milarly divided,  and  repeated  as  often  as  we  please.    (Plate 
V.  fig.  1.)  represents  this  instrument,  and  will  be  oiien  re- 
ferred to.     A  sort  of  symmetry  may  be  observed  in  it  The 
point  D  seems  to  occupy  the  middle  of  the  scale,  and  n  seems 
to  be  the  middle  note  of  the  octave.    The  opposite  arch  6A, 
and  the  corresponding  iiUerval  sol  /a,  seems  to  be  the  middie 
interval  of  the  octave.     The  other  notes  and  intervals  lie 
similarly  disposed  on  each  side  of  these.    This  circumstanoe 
seems  to  have  been  observed  by  the  Greeks,  by  the  inhaU- 
tants  of  India,  by  the  Chinese,  and  even  by  the  Mexicans 
The  note  re^  and  the  interval  sol  la^  have  gotten  distingtust 
ed  situations  in  their  instruments  and  scales  of  music. 

358.  With  respect  to  the  division  of  the  circles,  we  shall 
only  observe  at  present,  that  the  dotted  lines  are  confona' 
able  to  the  principles  of  Aristoxcnus,  the  whole  octave  be- 
ing portioned  out  into  five  larger  and  equal  intervals,  and 
two  smaller,  also  equal.     The  larger  are  called  mean  or  wfr 
dium  tones ;  and  the  smidler  are  called  bmmas  or  snaAoaef. 
The  full  lines,  to  which  the  letters  and  names  are  affixed,  di- 
vide the  octaves  into  the  artificial  portions,  determined  by 
means  of  the  musical  ratios,  the  arches  being  made  pro* 
])orlional  to  the  measures  of  those  ratios.     Thus  the  arches 
CD,  FG,  AB,  are  proportional  to  the  measure  or  logarithm 
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if  die  ratio  9:8;  6A  and  D£  are  proportioiial  to  the  lo- 
poAm  of  10  :  9 ;  and  tlie  arches  £F  and  BC  are  propor- 
^qnl  to  tke  lagarithm  of  16  :  15.  We  ha^e  already  men- 
the  way  in  which  those  ratios  were  applied,  and  the 
:y  on  which  they  were  sdected.  We  shall  have  oc» 
to  return  to  this  again.  The  only  farther  remark 
hfli  k  to  ht  nude  with  propriety  in  this  place  is,  that  the 
liiiikja  on  the  Aristoxcnean  principles,  which  is  expressed 
B  thb  igwre,  is  one  of  an  indefinite  number  of  the  same 
lad.  The  only  principle  adopted  in  it  is,  that  there  shall 
bt  §m  aem  tones,  and  two  small  equal  semitones ;  but  the 
■^pntnde  of  these  is  arbitrary.  Wc  have  chosen  sudi^ 
flbl  two  mean  tones  are  exactly  equal  to  the  arch  CE,  de- 
InaiMd  by  thentid  5  :  ^  The  reasons  for  this  preference 
rill  ffpem  as  we  proceed*. 

By  thia  Iktle  instrument  (the  invention,  we  believe,  of  a 
Mr.JiyOrtHamy  about  the  beginning  of  last  century),  we 
tea  ckariy  the  hsuffidency  of  the  seven  notes  of  the  octave 
lor  pBtSonmg  munc  on  different  keys.  Set  the  flower  de 
luea  M  dm  Aristoxenean  B,  and  we  shall  see  that  E  is  the 
mly  sole  of  our  lyre  which  will  do  for  one  of  the  steps  of 
the  octave  in  which  we  intend  to  sing  and  accompany.  We 
haw  no  aounds  in  the  lyre  for  re,  mij  sol,  lay  si.  The  reme- 
dy ia  as  clearly  pointed  out  Let  a  set  of  strings  be  made, 
having  the  same  relation  to  si  which  those  of  the  present 
\gtte  have  to  do,  and  insert  them  in  the  places  pointed  out 
fay  the  Aristoxenean  divisions  of  the  moveable  octave.  Wc 
aaed  only  five  of  them,  because  the  si  and  fa  of  the  present 
lyre  irill  answer.    These  new  sounds  are  marked  by  a  -f*. 

S50.  But  it  was  soon  found,  that  these  new  notes  gave 
tat  indifferent  melody,  and  that  either  the  ear  could  not  de- 
the  equality  of  the  tones  and  semitones  exactly 


*  We  shall  be  abundantly  exact,  if  we  make  CD  =:  fiP,72 ;  CE 
s  115^9;    CF  =  149«,4«;  CG=.810^I«;  CA=:«65^5,- 
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enough,  or  that  no  such  partition  c»f  the  octaTe  wouU  u> 
swer.  ■  The  Pythagoreans,  or  partisans  of  the  muacalntkn^ 
bad  told  them  this  before.  But  they  were  in  no  betttron- 
dition  themselves ;  for  they  found,  that  if  a  series  of  sounds, 
in  perfect  relation  to  the  octave,  be  inserted  in  the  mamier 
proposed,  the  melody  will  be  no  better.  They  put  theoa^ 
ter  to  a  very  fair  trial.  It  is  easy  to  see,  that  no  system  of 
mean  tones  and  limmas  will  pve  the  same  music  on  everj 
key,  unless  the  tones  be  increased,  and  the  limmas  diou- 
nished,  till  the  limma  becomes  just  half  a  tone.  Then  all 
the  intervals  will  be  perfectly  equal.  The  nuithematidBBS 
computed  the  ratios  which  would  produce  this  equalitjiSiul 
desired  the  Aristoxeneans  to  pronounce  on  the  mfuk.  It 
is  said,  that  they  allowed  it  to  be  very  bad  in  all  their  most 
favourite  passages.  Nothing  now  remained  to  the  Amloi« 
eneans  but  to  attempt  occasional  methods  of  tuning.  Tbey 
saw  clearly,  that  they  were  making  the  notes  unequal  which 
Nature  made  equal.  The  Pythagoreans,  in  like  maimer, 
pointed  out  many  alterations  or  corrections  of  intervals 
which  suited  one  tetrachord,  or  one  part  of  the  octave,  bat 
did  not  suit  another.  Both  parties  saw  that  they  were  obiig- 
cd  to  deviate  from  what  they  tIioup;ht  natural  and  perfect; 
therefore  they  called  these  alterations  of  the  natural  or  per- 
fect scale  temperament 

The  accomplished  performers  were  the  best  judges  of  the 
whole  matter,  and  they  derived  very  little  assistance  firom 
the  mathematicians  :  For  although  the  rigid  rules  delivered 
by  them  be  acknowledged  to  be  perfectly  exact,  the  execo- 
tion  of  those  rules  is  not  susceptible  of  the  same  exactness. 
Their  lyres  are  tuned,  not  by  mathematical  operations,  but 
by  the  ear.     It  does  not  appear  that  they  had  musical  in- 
struments with  divided  finger-boards,  like  our  bass  viols  and 
guitars ;  and  even  on  these,  it  is  well  known  that  the  pres- 
sure and  touch  of  tht  finger  may  vary  so  much,  that  the 
most  exact  placing  oi  the  frets  will  not  insure  the  nice  de- 
grees of  the  sounds.     The  flutes  are  the  only  instruments 
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tbe  ancients  tliat  are  capable  of  accurate  sounds.  But 
t^makers  knovr  very  well,  that  they  cannot  be  tuned 
mathematical  operations,  but  by  the  ear  alone.  This 
Qunts  for  the  great  prices  paid  far  a  welUtuned  flute, 
ne  have  cost  L.700,  and  L.SO  was  a  very  common  price. 
160.  Such  seems  to  have  been  the  state  of  the  ancient  mu- 
Tbere  was  little  or  no  science  in  it.  There  was,  in- 
da  a  most  abstruse  and  refined  science  coupled  with  it; 
^  by.a  very  slight  connection :  and  it  seems  to  liave  been 
img  more  than  an  amusement  for  the  ingenious  and  spe- 
■live  Grreeks.  Nor  could  it^  in  our  ojuuion,  be  better,  so 
g^  they  had  no  guide  in  tuning  but  the  judgment  of  the 
'  in  melody.  Many  writers  insbt  that  the  Greeks  had  a 
swledge  of  what  we  call  hamumy  alsa  The  word  mffutm 
ixmstantly  used  by  them :  but  it  does  not  mean  .what 
call  hanoKmy,  the  pleasant  coalescence  of  sumultaneous 
inds.  It  comes  from  «f^Mf,  or  from  «f^«r,  and  agnifies 
^i^^'^JUniftfh  AQ^  would,  in  general,  be  better  translated 
gfmmtby.  But  we  cannot  conceive  that  they  paid  any 
irked  attention  to  the  effect  of  simultaneous  sounds,  so  as 
etyoy  the  pleasure  of  certain  consonances,  and  employ 
mn  in  thdr  compositions.  We  judge  in  this  way  from 
s  rank  which  tlicy  gave  them  in  their  scale.  To  prefer 
s  fourth  to  the  major  third  seems  to  us  to  be  impossible, 
t  be  meant  of  simultaneous  sounds.  And  the  reason  which 
issigncd  for  the  preference  can  have  no  value  in  the  opin- 
I  of  a  musician.  It  is  because  the  ratio  of  4  :  3  is  simpler 
in  that  of  5  :  4.  For  tbe  same  reason,  the  fifth  is  prefer- 
I  to  both,  and  the  octave  to  all  the  three,  and  unison  to 
Biy  other  consonance.  They  would  not  allow  the  major 
ird  5  :  4  to  be  a  concord  at  all.  We  have  made  number- 
m  trials  of  the  different  concords  with  persons  altogether 
DOTant  of  music.  We  never  saw  an  instance  of  one  who 
jugfat  that  mere  unison  gave  any  positive  pleasure.  None 
all  whom  we  examined  had  much  pleasure  from  an  octave. 
U,  without  exception^  were  delighted  mthafifth,  and  with 
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a  major  third  ;  ftnil  many  of  them  preferred  the  latter.  AH 
,of  them  agreed  in  calling  the  pleasure  from  t!ie  fifth  a  opof- 
ftfM,  and  that  from  the  major  third  a  cheerfiJnesg^  or  marU 
9rfj9,  or  by  names  of  similar  import.  The  greater  pot  pre> 
ferred  even  the  major  sixth  to  the  fourth,  and  some  fdtDo 
pleasure  at  all  from  the  fourth  Few  had  mudi  pktsore 
from  the  minor  third  or  minor  sixth.  N,  JS.  Care  wastika 
to  sound  these  concords  without  any  preparatiaii^meidy 
as  sounds — but  not  as  making  part  of  any  musical  pisage. 
This  circumstance  has  a  great  effect  on  the  mind.  Wha 
the  minor  third  and  sixth  were  heard  as  making  part  of  the 
minor  mode,  all  were  delighted  with  it,  and  called  it  sweet 
and  mournful  In  like  manner,  the  chord  ^  nefcr  ftiied  to 
give  pleasure.  Nothing  can  be  a  stronger  proof  of  the  ig- 
norance of  the  ancients  of  the  pleasures  of  harmonj. 

361.  We  do  not  profess  to  know  when  this  was  diaovver* 
ed.    We  think  it  not  unlikely  that  the  Greeks  and  ItaRntf 
got  it  from  some  of  the  northern  nations  whom  they  adkd 
Barbarians.     We  cannot  otherwise  account  for  its  peers- 
Jence  through  the  whole  of  the  Russian  empire— the  andevt 
Slavi  had  little  commerce  with  the  empire  of  Rome  or  of 
Constantinople ;  yet  they  sung  in  parts  in  the  most  remote 
periods  of  their  history  of  which  wc  have  any  account;  9vA 
to  this  (lav,  the  most  uncultivated  boor  in  the  Russian  em- 
pire  would  be  ashamed  to  sing  in  unison.     He  listens  a 
little  while  to  a  new  tune,  holding  his  chin  to  his  breast ;  and 
as  soon  as  he  has  got  a  notion  of  it,  he  bursts  out  in  concert, 
throwing  in  the  harmonic  notes  by  a  certain  rule  which  he 
feels,  but  cannot  explain.  His  harmonics  aregenerally  altermte 
major  and  minor  thirds,  and  he  seldom  misses  the  proper 
cadences  on  the  fifth  and  sixth  key.  Perhaps  the  invention  of 
tlic  organ  produced  the  discovery.    We  know  that  this  was 
as  early  as  the  second  century*.     It  was  hardly  possible  to 

*  It  is  said  that  tlie  Chinese  hnrl  an  instrument  of  this  kind  long  before  tbe 
Eart>p«aDS.  Causeus  say«,th.L'<  .r  w..>  bi«>u^ht  itum  China  by  a  natire.aB' 
was  so  small  as  to  be  carried  in  the  hand.  I(  is  cerUin  that  tbe  Emperor  Coo- 
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lake  much  u»e  of  lUa.i  'mit^meat  .without  penuviiig  the 
Hcasurc  of  coiii.'(jii!iint  suiin^ft. 

363.  I'he  dL-xovery  of  ilie  pleasures  of  humqay  "(Taiinn- 
d  A  total  chanj(if  in  tlic  M.'iepQe  of  miuic  During  tbo  duk 
m»  oTI^urope,  it  was  cultivfiied  chiefly  by  tlie  monks:  ths 
rain  vta^ioun  intruduccd  into  the  churches,  atid.th«<;bonl 
crvic«  was  llx^ir  chief  aiid  alnwat  their  only  occupa^on- 
[tie  very  construction  uC  this  i^strumeDt  muit  h»ve  contri- 
Hited  lo  the  impruveuieuc  of  music^  and  iastructed  men  in 
^e  natore  of  th«  scale  The  pipes  are  all  tuned  by  their 
lengths;  and  tlicsc  Ifugttii  are  in  the  rtfkis  of  the  ttriogi 
irhii^  give  the  sumc  not(.>s,  wbeo  all  are  equally. Uretehed. 
^his  (DUst  have  revived  the  study  of  the  mtuic^  ratio*. 
Xite  tuning  of  ihc  organ  waf  performed  by  cooaonaac^  and 
Bo  longer  depended  un  the  nu»  judgment  of  aouDda  ui  suc- 
ceMion.  The:  dullest  tar,  even  with  tot^  ignorance  of  mujoc, 
can  judge,  without  tlic  smallest  error,  of  an  exact  ocUve*. 
£ftli,  tliird,  (ir  other  concord ;  and  a  very  mean  mutticuan 
could  now  tunc  an  orgnn  mbre  accurately  than  TioMtfbaus 
coulil  tune  bis  lyre.  Other  keyed  instrumentSt  rfsenihling 
our  harpoichorci,  were  invented,  and  instruD^nta  with  fretted 
finger  boards.  These  soon  supplanted  the  lyrqs  and  harps, 
being  much  more  compemlious,  and  allowii^  a  much  greater 
variety  ami  rapidity  of  modulation.  All  these  instruments 
irere  the  frtiiu  of  harmony,  in  the  modem  sense  of  that 
ford.  I'he  deficiencies  of  the  old  diatonic  scale  were  now 
JSorc  apparcni,  and  tiie  necemty  of  a  number  of  intercalary 
mtes.  The  finger- board  of  an  organ  or  harpsichord,  run- 
'Bing  through  a  scries  of  octaves,  and  admitting  much  more 
llian  the  accuinpaniment  of  one  note,  poiuted  out  new  sources 
VlDusicaipIoa^urc  arising  from  the  fulness  of  the  harmony;, 
md,  above  all,  the  practice  of  choral  singing  suggested  the 


^tHatCtpnajmn  tat  odc  toriptii  king  of  Fmca  in  797,  and  that  Mi  sod 
a^M^— I«t— Bftwlrcillwaiwf«irMichwir«leotot«fc  Bottlkraf;^ 
M^bM«^milnMaia««a«lbhcbarcbMlMinthBttiaw. 
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possibility  of  a  pleasure  alu^ether  new.  While  a  ootiin 
number  of  the  choir  performed  the  Cantus  or  Air  of  the 
music,  it  was  irksome  to  the  others  to  utter  mere  souadi^ 
supporting  or  compoung  the  hamicmy  of  the  Cantoii  vitk 
out  any  melody  or  air  in  their  own  parts.  It  was  thm^ 
probable  that  the  harmonic  notes  might  be  so  portioned  out 
among  the  rest  of  the  choir,  that  the  sucoessioo  oC  somdi 
uttered  by  each  individual  might  also  constitute  a  mdpdj 
not  unpleasant,  and  perhaps  highly  grateful  On  trial  it 
was  found  very  practicable.  Canons,  motets^  fogam,  sad 
other  harmonies,  were  composed,  where  the  airs  perifaniied 
by  the  different  parts  were  not  inferior  in  beauty  to  the 
principal.  The  notes  which  could  not  be  thrown  into  tbis 
agreeable  succession,  were  left  to  the  organist,  nd  by  him 
thrown  into  the  bass. 

363.  By  all  these  practices,  the  imperfections  of  die  Kile       ' 
of  fixed  sounds  became  every  day  more  sensible,  eipeaiDy 
in  full  harmony.     Scientific  music,  or  the  propcftiei  of 
the  ratios,  now  recovered  the  high  estimation  in  whidi  they 
were  held  by  the  ancient  theorists;   and  as  the  nnisio- 
ans  were  now  very  frequently  men  of  letters,  chiefly  umb) 
of  sober  characters  and  decent  manners,  music  agun  becnne 
a  respectable  study.     The  organbt  was  generally  a  maa  d 
science,  as  well  as  a  performer.  At  Uie  first  revival  of  leanir 
ing  in  Europe,  we  find  music  studied  and  honoured  witla^ 
degrees  in  the  universities,  and  very  soon  we  have  learned 
and  excellent  dissertations  on  the  principles  of  the  scienoe^ 
The  inventions  of  Guido,  and  the  dissertations  of  Salinas^ 
Zarlino,  and  Xoni,  arc  among  the  most  valuable  pubIiGai«^ 
tions  that  arc  extant  on  music.     The  improvements  intio-^ 
duccd  by  Guido  are  founded  on  a  very  refined  exanunation 
of  the  scale ;  and  the  temperaments  propoftd  by  the  other 
two  have  scarcely  bei'n  improved  by  any  labours  of  modem 
date.     Both  these  authors  had  studied  the  Greek  writers 
with  great  care,  and  their  impn>vements  proceed  on  a  oom» 
plete  knowledge  of  the  doctrines  of  Pythagcraa  and  Ptolemy- 
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-"Mh  Ac  MitlH?  aOiht^UsA  GMiko  GaTflei  {Hit  the  finbh- 
to  tb#dMOmie»ortlk>te  ancient  philo8(^ei^b^  the 
of  thveMhiltfetion  which  subis&sts  in  mitore  bet^eeh 
ItejttiM'df  ntfmbei^  and  the  ofiusieal  intervals  of  sdiinds. 
tm  li'tm  ri  t  i.ict,  ilM  tlfese  numbers  express  the  frequency  of 
ftif  l—ttfim  ^hes  dr  undulations  of  ahr  which  excite  in  us 

^  MMd;  He  demonstrated  that  if  two  strings, 
niact^r  and  thickness,  be  stretdii^  by  equal 
Ills  fWihnged  or  pmdied  so  as  to  vibratd,  the 
iihratiolis  will  be  as  diar  lengths,  and  the  frc- 
if  oscillatiotos  nisfde  in  agiventiibe  wiB  be 
thlir  kfrtgths.  The  frequency  of  the  sonomusun- 
tbnA  is  therefore  inversdj  as  the  letifjih  dt  the 
4Vlm  tbeMfOfe  we  say  that  8  : 1  i«  the  rstio  of  the 
that  the  undulations  which  produce  the 
tf  this  interval  are  twice  as  frequent  as  those 
its  fundattiental  sound.  And  the  ratio  3  :  8 
or  ilfth,  indiciites  that  in  the  same  time  that 
three  unddlirtions  from  the  upper  sound,  it 
twd  fiMi  the  lowef.  Here  we  have  a  natural 
4ibipeMfiar  to  the  sounds  produced  by  strings; 
VOW  able  to  demonstrate,  that  the  sounds  produc- 
riMjF'MMl  are  regulated  by  the  same  law.  Nay,  Ae  im- 
iMrieh  have  been  made  in  the  sdence  of  motion 
idisditfi  ^  iGralilecs  shelv  us  that  die  undulations  of 
Mrir  fa-pipes^  where  the  air  is  the  mdjf  substance  moved, 
ll  higlBiiled  by  the.  iaiMs^  hiw.  It  selems  to  be  the  general 
^hqpait)^  of  sounds  wfaidl  renders  them  aftisceptible  of  musi- 
Hi^yMi,  of  aeutenessy  or  gravi^ ;  and  that  a  certain  fre- 
of  die  sonorous  undulations  ^ves  a  determined  and 
ttiusical  notie.  The  writer  of  this  article  has 
this  by  mikny  experiitaents.  He  finds,  that  amy  noiae 
if  kep6ttted  S40  times  in  a  ifeoond,  at  equal  inter- 
^yil^'  yitoduoek  the  note  C  9olJb  «e  of  the  Ouidoi^  g^ut. 
iNi^te  l^pMltod  36D  time^  it  produces  the  O  jti/  rt"  tff,  &c. 
iBiMVSIiagHM^  lUltt  Mly  certifin  reguhr  agitatidhs  of  the 

2 


404  TEMPERAJf  BNT  OP 

air,  such  as  are  produced  by  the  tremor  or  Tihration  of  das- 
tic  bodic&y  are  fitted  for  exciting  in  us  the  sensation  of  a  miui- 
cal  note.     But  he  found,  by  the  most  distinct  experimeBtSy 
that  any  noise  whatever  will  have  the  same  efiect,  if  repetted 
with  due  frequency,  not  less  than  30  or  40  times  in  a  secoai 
Nothing  surely  can  have  less  pretension  to  the  name  of  i 
musical  sound  than  the  solitary  snap  which  a  quill  maka 
when  drawn  from  one  tooth  of  a  comb  to  anoUier :  but  wbco 
the  quill  is  held  to  the  teeth  of  a  wheel,  whirling  at  such  s 
rate,  that  7:^0  teeth  pass  under  it  in  a  second,  the  somid  of 
g  in  alt  is  heard  most  distinctly  ;   and  if  the  rate  of  thi 
wheePs  motion  be  varied  in  any  proportion,  the  nous  made 
by  the  quill  is  mixed  iu  the  most  distinct  manner  witb  the 
musical  note  corresponding  to  the  frequency  of  the  utBgk 
The  kind  of  the  original  noise  determines  the  kind  of  the 
continuous  sound  produced  by  it,  making  it  harsh  and  &et> 
ful,  or  smooth  and  mellow,  according  as  the  original  nobeii 
abrupt  or  gradual :  but  even  the  most  abrupt  noise  pndu^ 
csa  tolerably  smooth  sound  when  sufficiently  frequent  No- 
thing can  be  more  abrupt  than  the  snap  just  now  mentioiMd; 
yet  tlie  g  produced  by  it  has  the  smoothness  of  a  bird'schir- 
rup.     An  experiment  was  made,  which  was  less  pronusng 
of  a  sound  than  any  that  can  be  thought  of.     A  stopcodi 
was  so  constructed,  that  it  opened  and  shut  the  paaap 
through  a  pipe;  720  times  in  a  second.     This  apparatus  wi^ 
fittt'd  to  the  pipe  of  a  conduit  leading  from  the  bellows  to 
the  wind>chest  of  an  organ.     The  air  was  simply  allowed  1^ 
pass  gently  along  this  pipe  by  the  opening  of  the  cocl^' 
^Vhc^  this  Wcis  repeated  720  times  iu  a  second,  the  sound  ^ 
in  ail.  was  most  smoothly  uttered,  equal  in  sweetness  to  0 
cltiir  female  voice.     When  tlje  frequency  was  reduced  UP 
300,  tlie  sound  was  that  of  a  clear  but  rather  harsh  rnand 
voice.     Tile  cock  was  now  altered  in  such  a  manner,  that 
it  never  shut  the  hole  entirely,  but  left  about  one  third  of 
it  o|x*n.     When  this  was  repeated  720  times  in  a  aecond, 
the  sound  wob  uncommonly  smooth  and  sweet     When  ro 
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fated  to  960^  flie  flootid  was  more  mellow  than  any  man^s 
Mice  M  ^  sane  piteh.  Various  changes  were  made  inth^ 
bm  oTthe  oodc,  with  the  intention  of  rendering  the  primi- 
Mne  wne  more  analogous  to  that  produced  by  a  vibrating 
Miliig.  Sounds  were  produced  which  were  pleasant  in  the 
mUmUmx  The  intelligent  reader  ^will  see  here  an  opening 
aycfe^ltf  gveat  additions  to  practical  music,  and  the  means 
llTjpilrihiciiigmwScal  sounds,  of  which  we  have  at  present 
wUHU^  waxy  coneeption ;  and  this  manner  of  producing 
ttiMwUtended  with  thepeculiar  advantage,  that  an  instru- 
lAflftltf'toBiltrueted  cm  never  go  out  of  tune  ip  the  smallest 
mg/tti  '  Bist  of  this  enough  at  present 
>'iMK'^'rK«  discovery  of  Galileo's  completed  the  Pythago- 
rittt- Aiorie^  Iry  supplying  the  only  thing  wanted  for  pro- 
cAiiW^iBftMence  in  them.  We  now  see  that  the  music  of 
AonMbj^ends  on  principles  as  certain  and  as  plain  as  the 
^luMilfti^iftacIid,  and  that  every  thing  relating  to  the  scale 
uftalCJtflfiitainable  by  Atathematics.  It  is  very  true  that 
^t$m^Wfjfkeafe  the  ratio  3  :  8  in  the  diapente,  a^  having 
iittf  iWihtf  to  the  Ihunbers  3  and  2.  But  we  perceive  the 
iAMibfeiircC  found  which  characterises  diis  concord.  This 
WiiUltmhiedlj  the  perception  of  a  certain  phydcal  fact  in- 
iJMug'tfes  ratio,  as  much  as^^he  sweetness  on  piir  tongue 
li  tfe  jpefoeption  of  a  certain  manner  of  acting  on  the  parti- 
timdi'Ungu  during  their  dissolution  in  the  saliva. 
~  *Tnie  Measure  arising  from  certain  consonances,  such  as  do 
wt^y^rM  matt  distinctly  perceived  than  is  the  disagreeable 
MriKi^  which  other  consonances  produce,  such  as  do  re ;  and 
INmb  a  ifUr  field  of  disquisition  to  discover  why  the  one  pleas- 
the  other  displeased.  We  cannot  say  that  this  ques- 
faeen  completely  decided.  It  has  been  ascribed  to 
4teMifK»denoe  of  vibnoions.  In  the  octave,  every  second 
"tMftdon  of  the  treble  note  may  be  made  to'ooindde  with 
Wiry  wibration  of  the  bassi  But  the  pleasure  arinng  from 
^dbe  diBifieut  oonsoninees  does  by  no  meaHfe  follow  the  pro- 
fortoni  of  those  ooincidenoes  of  vibradens ;  for  when  two 
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notes  are  infiaitely  near  to  the  state  which^wiould  pcodott  a 
complete  coincidence,  tlie  actual  eoiTipdepce  is  thep  exe^ 
ingly  rare ;  and  yet  wc  know  thai  such  sounda  yield  v«j 
fine  harmony.     In  tuning  any  concord,  when  the  two  nolii 
arc  very  discordant,  the  coinciding  vibrations  cecur  veiy  in^ 
quently ;  and  as  we  approach  nearer  and  nearer  to  poftct 
concord,  these  coincidences  become  rarer  md  rarer;  apd  if 
it  be  infinitely  near  to  perfect  concord,  tfie  QoiocndeQcei  sf 
vibration  will  be  io&iitely  distant  from  each  other.    TK% 
and  many  other  irrefra^Jlile  arguments,  demonsCntjp  ti|# 
coalescence  of  sound,  which  makes  the  pleasing  barmoajr  of 
a  fifth,  for  example,  docs  not  arise  fifom  the  coiiiGi^am  of 
vibrations ;  and  tlie  only  thing  which  we  can  demopsdiftefo 
obtain  in  all  die  cases  where  we  enjpy  this  pleasurci  jsaoff- 
tain  arrangement  of  the  component  puls(»,  and  a  oertiiilMr 
of  succession  of  the  dislocations  or  intervals  betwimdis 
non-coinciding  pukes.     We  arc  perfectly  able  to  dcMOP' 
strate  that  when,  by  continually  screwing  up  ojoe  of  die 
notes  of  a  consonance,  we  render  the  real  coincideiiQ?  of  fini- 
ses less  frequent ;  the  dislocations,  or  deviationa  frein  per- 
fect coincidence,  approach  nearer  and  nearer  to  a  certain  de- 
fincable  law  of  succession ;  and  that  this  law  obtains  cm* 
pletcly,  when  the  perfect  r^o  of  tlie  duration  of  the  poke 
is  attained,  although  perhaps  at  that  time  not  one  pulse  cf 
the  one  sound  coincides  with  a  pulse  of  the  other.    Suppose 
two  organ  pipes,  sounding  the  note  Csolfaui^  at  the  dis- 
tance of  ten  feet  from  each  other,  and  that  their  pulses  b^ 
gin  and  end  at  the  same  instant,  making  the  moat  perfect 
coincidence  of  pulses— -there  is  no  doubt  but  that  there  wiH 
be  the  most  perfect  harmony :  and  we  learn  by  experienoe 
that  this  harmony  is  perfectly  the  same,  from  whatever  pert 
of  the  room  we  hear  it.     This  is  an  unquestionable  fact    A 
person  situated  exactly  in  the  middle  between  them  wiU  r^ 
ceive  coincident  pulses.    But  let  him  approach  one  foot 
nearer  to  one  of  the  pipes,  it  is  now  demonstrable  that  the 
pulses,  at  their  arrival  at  his  ear,  will  be  the  most  distant 
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m  WMuMwca  thtt  u  powUft;  for  evoy  pulse  of  <hm 
fm  win  Undt  the  pulae  Smk  the  other:  but  the  law  o< 
HMMKif  the  deriatians  &om  ogioadenoe  irill  then  ob- 
■jib  fli(i  wait  pnfect  louuMr.  A-ssuml  aoupd  i*  the 
HMMltiif  a.  ccrtein  fbnn  of  the  ^erwl  uDdiiletion  iriudi 
i^MMtlMuditaryfiigio.  TbeperceptJop  rf  hamoiunui 
Mi^ift-lhe  miMtina  produced  bjr  amdier  depute  torn  at 
^l^^gt$itm>  Thk  ii  the  conpowfJoQ  of  two  other  igtt»- 
MMttet  hit  the  eompouDd  i«it«tkni  Qoly  that  iffecta  the 
mit/^^  it»  Jxm  or  kind  which  delenniwi  the  senta- 
■*r4N|li|VitplaRHiit  oi  nupWaptnt. 
JMriOivfainrlcdgeofnecheqiQi  eublet  lU  to  de^zihe 
JMftMIMHidi  eveiy  ctreumttance  in  wtucb  ooe  a^ta^wi  caa 
Siip4|pt»«B0tber,  and  to  dieoorer  general  feature!  or  ar- 
Ststaoces  of  resemblance,  which,  is  UfA,  acooiqp^ay  «U  per^ 
gtionB  of  hurmony.  We  we  Bure);  ^titled  to  mj  that 
Naedicmnstances  are  sure  teftsofbanwD;;  and  that  wheu 
(.have  inuiTed  their  prestqiNk  we  h^re  iqsufed  the  hear- 
(  Of  faanDpay  in  the  adjiu^  loundB.  We  ofQ  even  fp 
nber  in  wme  cases :  Ws  can  ezplM^  K»oe  appoBiaaees 
jifb  accompany  imperfect  hannoojf  wd  perquTe  the  con- 
pioa  between  certain  diatinqt  result*  of  imperfect  coind- 
MMpwd'tlia  BWigiMtude  of  the  demtioos  froip  perfect 
t  ^nd)  ace  then  hefird. '  Thus,  we  can  make  use  of 
)  in  ordft  to  ascertain  and  measure  those 
;  and  if  anjr  rules  qf  tanperameot  should  require 
vinate  denMiw  from  perfect  harmony  io  the 
liagaf  «L  instnuiMnt,  we  can  secure  the  appearance  of 
l^jkmomiaaa.  which  corresponds  to  thq  deviatioo,  end 
{||Mft  pnduae  the  preuse  temperament  su^[«stedby  our 
iw  .  W«  csB,  for  example^  d^troy  the  perfeqt  h«rmoBjr 
lis  ffih  Cg,  and  flatten  the  note  £  till  if  deviates  froma 
l^i  fiah  in  th*  ouGC  ratio  of  380  tq  SSX,  whJdi  the  qiu- 
iliiwll  the  one-fiHvrtbof  a  comma.  Th«  <9(Nt  exquiute 
|i^  Mdody  is  almost  iuemible  of  a  deriatifip  four  times 
Mw  thu^  dliis ;  and.jat*persqa  «lwbwiio.iptiui;^«ar 
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at  all,  can  execute  this  temperament  by  the  rules  of  harmmiy 
without  the  error  of  the  fortieth  part  of  a  comma. 

367.  For  this  most  vahiable  piece  of  knowledge  wemiD. 
debted  to  the  late  Dr.  Robert  Smith  of  Cambridge,  tnry 
eminent  geometer  and  philosopher,  and  a  good  judge  of  nn- 
sic,  and  very  pleasing  performer  on  the  organ  and  iiirpit 
chord.     This  gentleman,  in  his  Dissertation  on  the  Priiid- 
ples  of  Harmonics,  published  for  the  first  time  in  1748,  \m 
paid  particular  attention  to  a  phenomenon  in  co-exi<ait 
sounds,  called  a  beating.     This  is  an  alternate  enforoeiDait 
and  diminution  of  the  strength  of  sound,  something  like  vlnt 
is  called  a  close  shake,  but  differing  from  it  in  having  no  va- 
riation in  the  pitch  of  the  sounds.    It  is  a  sort  of  undulitiOD 
of  the  sound,  in  which  it  l)eccinies  alternately  louder  ind 
fainter.    It  may  be  often  perceived  in  the  sound  of  beHsind 
musical  glasses,  and  also  in  the  sounds  of  particular  ttmn. 
It  is  produced  in  this  way :  Suppose  two  unisons  quite  per- 
fect; the  vibrations  of  each  are  either  perfectly  oo-incidcnt, 
or  each  pulse  of  one  sound  is  interposed  in  the  same  ntu^ 
tion  lyetwcon  each  pulse  of  the  other.      In  either  case  thej 
succeed  each  other  with  such  rapidity,  that  we  cannot  per- 
ceive them,  and  tiie  whole  ap|)ears  an  uniform  sound.   But 
8up[>o8e  that  one  of  the  sounds  has  240  pulses  in  a  second, 
whicli  is  the  undulation  that  is  produced  in  a  pipe  of  24iD- 
ches  long;  suppose  that  the  other  pipe  is  only  23  inches  and 
/^ths  lon^;.    It  will  give  21sj  pulses  'n  a  second.    Therefeie 
the  1st,  the  80th,  the  16()th,and  the 240th  pulscof  the  fint 
pi|>c  will  coincide  with  the  1st.  the  81st,  the  162d,  and  the 
24.)d  pulse  of  the  other.     In  the  instants  of  coincidence^ 
the  agitation  produced  by  one  pulse  is  increased  by  that  pro- 
duced by  the  other.     The  commencement  of  the  next  two 
])ulses  ik»  separated  a  little,  and  that  of  the  next  is  separated 
still  more,  and  so  on  continually  :  the  dijtiocatiotts  of  the  pul- 
ses, or  their  deviations  from  perfect  coincidence,  continually 
increasing,  till  we  come  to  the  4()th  pulse  of  the  one  pipe, 
^hich  will  commence  in  the  middle  of  the  41st  pulse  of  the 
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pipe ;  and  tbe  pukes  irili  now  bisect  each  other,  sa 
he  egttalkiM  ofthe  tfd^  wiitcouatcf^vct  or  weekea  those 
i  Mher.  Irhas  the  eompoafided  sound  will  be  strong- 
tbe  eonitideiiees  of  the  pulsecs'alid  Mater  When  they 
;  esieh  otbjnr.  This  reinfbroAnent  of  soiind  will  there- 
•our  tbfiite  ifi  every  second.  The*  frequency  of  the 
»4n  ki^lHe  ratio  df  a  conime,  or  «1  :  80.  Thenfore 
«M|MitiiiesUflaft#MAiij^<r^  Ifdieilefore 

•hooid  rehire  that  these  two  pulses  should 
knptfrTeet  by 'a  cbtnsiai  we  have  only  to  alter 
if0b  pqiffli'till  the  two^  when  sounded  together,  bea| 
H^niMorid.  Ntfthiiig  can  bl*  plains  than  this.  Now 
ftappoAir  •  diml  pipe  tuned  m  exact  fifth  to  the  4r)rt 
Tb^re  will  be  no  beating  observable;  'because 
lif  cbineident  pulses  is  so  rajnd'as  t6  appear 
They  recur  at  every  second  Tibration 
m  httf^iimiiO'fimek  in  a  second.  But  now,  instead  of 
dUig^^fd  'pipe  along  ^ith  th^  first,  let  it  sound 
f  KJflrtWheeond.  Dr.  Sarith demonstrate, thfttthey 
bH^lvsChe  wme  manner  as  the  ufiisom  did^b^t  thrice 
ka^rornin^'fekses  in  a  second.  •    When  therefore  the 

■  » 

0^  l>hits'  tHne  times  in  a  second,  we  know  thatit  is  too 
i  dr  too  flat  (very  nearly)  by  a  comma.  <  - 

^k  'Dr.  Smith  shews^  in  like  manner,  what  number  of 
I  ttft  made  in  any  given  time  by  any  concord,  impeifect 
MpeifgJ,  in  any  assigned  degree.  We  humbly  think 
lAie  most  inattentive  person  must  be  sensible  of  the  very 
(•value  of  d)is  discovery.  W^  are  obliged  to  call  it  A» 
fvery.  Mersennus,  indeed,  had  taken  particular  notice 
b  undulation  of  imperfect  consonances;  and  had  offer- 
H^eetures  u%  to  their  cause  ;  conjectures  not  unworthy 
I  greet  ingenuity.  Mr;  Sauveur  also  takesoi  still  more 
Mfaur  notice  of  this  phenomenon*,  and  makes  a  most  in- 
me  use  of  it  for  the  solution  of  a' very' important  musi« 

e  Men.  Acad.  Par.  ITOI.  1702. 1107.  and  1713.       .  . 
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cal  problem  ;  namely,  to  determine  the  prtdae  Bomber  ol 
pukes  which  produce  any  given  note  of  the  gumit  Bm 
method  is  indeed  operose  and  d^cate^enm  as  anftted  and 
impreyed  by  Dr.  Smith.  The  foUpning  may  be  eubnAtntfll 
for  it,  founded  on  the  mechanism  of  8oundin|;  cheris.  Ld 
a  violin,  guitar,  or  any  sudi  instrument,  be  fixed  npi 
a  wall,  with  the  fingeiwboaid  downward,  and  in  audi  a^i 
ner,  that  a  violin  string  stnuned  by  a  weighty  nay 
the  bridge,  but  hang  free  of  the  lower  end  of  die  tagm* 
board.  Let  another  string  be  strained  by  one  of  fte  tnaiig 
|uns  till  it  be  in  unison  with  some  note  (suppose  C)  of  Ihi 
harpsichord  Then  h^g  weights  on  the  other  ttmgB,  tiH^ 
upon  dsawing  the  bow  across  both  strings^  ataiMD  dis- 
tance below  the  bridge,  they  are  perfect  iiniism^  nihoat 
the  smallest  beating  or  undulation,  and  takii^  omitetlN 
pressure  of  the  bow  on  that  string  which  is  tuned  bfttsfis 
be  so  moderate  as  not  to  affect  its  tension  aensifaly*  Moto 
exactly  the  wogbt  that  is  now  appended  to  it,  HfiifmBnm 
this  weight  in  the  proportion  of  the-square  of  80  tolbe s^usri 
of  81 ;  that  is,  add  to  it  its  40th  part  very  needy.  Not 
draw  the  bow  agmn  across  the  strings  with  the  sameoBitiQa 
as  before.  The  sounds  will  now.  beat  remarkably ;  ftr  tlie 
vibrations  of  the  loaded  string  are  now  aooelwated  ia  ^ 
proportion  of  80  to  81.  Count  the  number  of  undulatos 
made  in  some  small  number  (suppose  10)  of  seconds^  TUi 
will  give  the  number  of  beats  in  a  second ;  80  limes  tUi 
number  are  the  single  pulses  of  the  lowest  sound;  and 81 
times  the  same  number  ^ves  the  pulses  of  the  higbsit  ^ 
these  imperfect  unisons. 

If  this  experiment  be  tried  for  the  C  in  the  middle  of  our 
harpsichords,  it  will  be  found  to  contain  240  pulses  nrj 
nearly ;  for  the  strings  will  beat  thrice  in  a  second.  11>€ 
beats  are  best  counted  by  means  of  a  little  ball  bung  te  a 
thread,  and  made  to  keep  time  with  the  beats. 

369.  Here,  then,  is  a  phenomenon  of  the  most  easy  ob- 
servation, and  requiring  no  skill  in  music,  by  which  the  pitch 
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By  'found,  oad  the  imperfectioii  of  any  concord,  may  be 
yycged  wi|!b  the  utmost  precision ;  and  by  this  method 
'  eoaoofdaiit  sounds  be  produced,  which  are  absolutely 
Ject  in  their  bannonyi  or  having  any  degree  of  imperfec* 
qr  tempengneqt  that  we  please.     An  instrument  may 
enllj  be  tuiie4  to  perfect  harmony,  in  some  of  its  notes, 
liapt;.  aqy  difficulty,  as  we  see  done  by  every  blind  Crou« 
Bot  if  a  certain  determinate  degree  of  imperfection, - 
BpiPfpit  yrhap»  in  the  different  concords,  be  necessaiy  for 
I  pnmir  per£bfinance  of  muncal  compositions  on  instru- 
^jty.flf  Cud  soui^s,  such  as  those  of  the  organ  or  harpsi- 
mi).  Ipjudf  ^®  do  not  see  how  it  can  be  disputed  that  Dr- 
lidl^  theory  of  the  beating  of  imperfect  consonances  is 
%tf  thfi  mopt  important  discoveries,  both  for  the  practice 
4  Am  IW^  ^  music,  that  have  been  offered  to  the  pub- 
u     'VjTp.f^  niclined  to  consider  it  as  the  most  important 
ft  bfi  bpi  made  unce  the  days  of  Galileo.     The  only  ri- 
ilf  ^n  I|r'B|ook  Taylor's  mechanical  demonstration  of 
9  Tibnitioni  of  an  elastic  cord,  and  its  companion,  and  of 
up  nffjnlptiops  of  the  air  in  an  organ  pipe^  and  the  beauU- 
1  jpynifigotinnn  of  Daniel  Bernoulli  of  the  harmonic  sounds 
liadi  fiagoently  accompany  the  fundamental  note.     The 
mkul  thfKiry  of  Rameau  we  consider  as  a  mere  whim,  not 
npdsd  in  any  natural  law ;  and  the  theory  of  the  grave 
ifWiniw  ky  Tartini  or  Romieu  is  included  in  Dr.  Smith> 
mofj  of  the  heating  of  imperfect  consonances.   This  theory 
Hh|(H  up  to  execute  any  harmonic  system  of  temperament 
1^  precisioD,  and  x^ertainty,  and  ease,  and  to  decide  on  its 
fiqH  when  done. 

We  are  therefore  surprised  to  see  this  work  of  Dr.  Smith 
fffit)y  undervalued,  by  a  most  ingenious  gentleman  in  the 
hflosophical  Tnuisactions  for  1800,  and  called  a  Itrge  an4 
Ifcurs  Tolume,  which  leaves  the  matter  just  as  it  was,  an^ 
I  Desalts  uselcj^  and  ipipracticable.  We  are  sorry  to  see 
IS ;  because  we  have  great  expectations  from  the  future  la- 
mofB  cxf  thb  gentlemap  in  the  field  of  harmonics,  and  his 
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late  work  is  rich  in  refined  and  valuable  matter.     We  pn* 
8ume  humbly  to  recommend  to  him  attention  tolusowniJ« 
monitions  to  a  very  young  and  ingenious  gentlemn,  who^ 
he  thinks,  proceeded  too  far  in  animadverting  on  the  wri- 
tings of  Newton,  Barrow,  and  other  eminent  mathenuddiBi 
We  also  beg  his  leave  to  observe,  that  Dr.  SmitVs  i^ijpliti- 
tion  of  his  theory  may  be  very  erroneous  (we  do  not  sy  tht 
it  is  perfect),  in  consequence  of  his  notion  of  the  propfl^ 
tional  effects  produced  on  the  general  harmony  by  eqinl  faa- 
pcraments  of  the  diSercnt  concords.     But  the  theory  is  im- 
touched  by  this  improper  use,  and  stands  as  firmly  as  tnj 
proposition  in  EucIid^s  Elements.     We  are  bound  to  tdd  tD 
these  remarks,  that  we  have  oftener  than  once  hend  nnnic 
performed  on  the  harpsichord  described  in  the  leeaiid  edi- 
tion of  Dr.  Smithes  Harmonics,  both  before  it  was  loiikaie 
by  the  maker  (the  first  in  his  profession)  and  aflenrardsliy 
the  author  himself,  who  was  a  very  pleamng  peribniier,tiii 
we  thought  its  harmony  the  finest  we  ever  heard.  Mr.  Wtfty 
the  celebrated  engineer,  and  not  less  eminent  philosopher, 
built  a  handsome  organ  for  a  public  society,  and,  without 
the  least  ear  or  relish  for  music,  tuned  three  octaves  of  the 
open  diapason  by  one  of  Dr.  Smithes  tables  of  beats,  with 
the  help  of  a  variable  pendulum.     Signior  Doria,  leader  of 
the  Edinburgh  concert,  tried  it  in  presence  of  the  writer  of 
this  article,  and  sgid,  ^'  Bellissima — sopra  modobellisant!* 
Signior  Doria  attempted  to  sing  along  with  it,  but  wooU 
not  continue,  declaring  it  impossible,  because  the  organ  wii 
ill-tuned.     The  truth  was,  that,  on  the  major  key  of  P) 
the  tuning  was  exceedingly  different  from  what  she  was  ac- 
customed to,  and  she  would  not  try  another  key.   We  men- 
tion this  particular,  to  shew  how  accurately  Mr.  Watt  had 
been  able  to  execute  the  temperament  he  intended. 

370.  This  theory  is  valuable,  therefore,  by  giving  us  the 
management  of  a  phenomenon  intimately  connected  with 
harmonyi  and  affording  us  precise  and  practicable  measures 
of  all  deviations  from  it.      It  bids  fair,  for  this  reason^  to 
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ip^BB  1  melliocl  ci  cxecating  any  system  of  .tempeiminent 
Uii  we  rwkj  find  reason  to  prefer.  But  we  have  another 
Hljalrf iMiiiEiit Vm  nf  thin  theory.  By  its asstsfanc^' we 
iksHl  to  aaoattain  wHh  eertainty  and  predsion  the  true 
•ioak  of  mtinc,  which  eluded  all  the  attempts 
_  Gireeks ;  and  we  determine  it  in  a  way  suit- 

ItoAo  ftTonrifsi  mnmr  of  modem  times,  of  which  almost 
■ftsiiialiiinrsiin  and  fdeasurea  are  derived  from  harmony. 
Itj^Msal^qr  that  diia  Mai  innovation  in  the  fnrinciple  of 
■Eridi^lNw'^.iB  nnexoepdoiiaUle ;  we  rather  think  it  "^ery 
#ilil^%aliflif  ing  that  the  thrilling  pleasores  of  music  da* 
^|Mii  mpiw  thn  melody  or  air.    We  iqqpeal  even  to  in^ 
Mpii4iMidan%  whether  the  heartand  aiBfeotions  are  not 
(md  wUk  WMick  mart  diHrnd  wmdjfofemcftwn) 
y  supported,  but  not  observed,  by  harmonies 
?  It  appears  to  us  that  the  effect  of  bar- 
■l^'ailfajlULJ  upi  is  more  uniformly  the  mme,  and  less 
Lioal,  than  some  simple  air  sung  or  played 
ti  sansihility  and  powers  of  utterance.  We 
V  then,  that  the  ingenious  Greeks  deduced  all 
if  Mlstf  fcooi  this  department  of  musio,  nor  at  their  lieing 
with  the  plettuues  which  1%  yiekled,  that  they  were 
of  the  additional  suppcnrt  of  harmony.     We 
liwft  mdody  has  suffered  by  the  change  in  every  country. 
iaii6  Scotchman,  Irishman,  Pole,  or  Russian,  who  does 
that  the  skill  in  componng  heart-touching  airs  is 
in  his  respective  nation ;  and  all  admire  the  pro* 
of  thor  muse  of  <<  the  days  that  are  past.^    They 
iVi  pleasant  and  moumfiil  to  the  soul."^ 
Mm  we  stiil  prefer  the  harmonidU  method  of  forming  the 
ia^on  account  of  its  predion  and  facility :  and  we  prefer 
udwory  of  beats,  ifcaitte  U  also  gives  us  thimost  satisfaeU^ 
ssaafe  tfmdsiy;  and  this,  not  by  repeated  corrections 
trEBOORectioiis,  but  by  a  direct  process.    By  a  table  of 
•Is^  every  note  may  be.  fixed  at  once,  and  we  have  no 
BEsiaa  to  return  to  it  and  try  new  combinations ;  for  the 
itings  of  the  different  concords  to  one  bass  being  once  de- 
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tennined,  every  beating  of  any  one  note  with  any  odierii 
also  fixed. 

371.  We  therefiM  request  the  reader^a  pntieat  alhalioQ 
to  the  experiment  which  we  have  now  to  propose.    TUsoi- 
perinient  is  best  made  with  two  oi^n  pipes  ct^uidly  loM^ 
and  pitched  to  the  note  C  in  the  middle  of  our  haqMUnsk 
Let  one  of  them  at  least  be  a  stopped  pipev  its  piiKBii  \mg 
made  extremely  accurate,  and  at  the  same  thne  eaaly  wuh 
ed  along  the  pipe.    Let  theshank  of  it  be  difided  imaM 
equal  parts.    The  advantage  of  this  form  of  thoaApirimst 
iS)  that  the  sounds  can  be  continued,  whh  perftet  onifini- 
ty,  for  any  length  of  time,  if  the  bellows  be  piupsiij  eoa> 
structed.    In  default  of  this  apparatus,  the  lapiiirfaf  imj 
be  made  with  two  harpsichord  wires  inr  fierf&cCWIHD%aBd 
touched  by  a  wheel  rubbed  with  rosin  insteafl  tf  abow,  in 
the  way  the  sounds  of  the  vielle  or  hurdjfgmdy  m^  pcdoo- 
ed«    This  contrivance  also  will  continue  the  sodsis  aa- 
fiurmly  at  pleasure.    A  scale  of  840  parts  must  be  wUfiA 
to  one  string,  and  numbered  from  that  end  of  ike  sttisg 
where  the  wheel  or  bow  is  ajqdied  to  it     Great  care  nmit 
be  taken  that  the  shifting  of  the  moveable  Bridge  do  iiot  shor 
the  strain  on  the  wire.     Wemay  even  do  pret^  weD  iridii 
bow  in  place  of  the  whed ;  but  the  sound  cannot  be  ksf 
held  on  in  any  pitch.     In  descritnng  the  pbenomMa,  «e 
shall  rather  abide  by  the  string,  because  the  numbers  of  the 
scale,  or  length  of  the  sounding  part  of  the  wire,  cart» 
pond,  in  fact,  much  more  exactly  with  the  sounds.     The 
deviations  of  the  scale  of  the  pipe  do  not  in  the  least  sffset 
the  conclusions  we  mean  to  draw,  but  would  require  to  be 
mentioned  in  every  instance,  which  would  greatly  complicate 
the  process. 

Having  brought  the  two  open  strings  into  perfect'  urn- 
son,  so  that  no  beating  whatever  is  observed  in  the  conso- 
nance, slide  tlie  moveable  bridge  slowly  along  the  string 
while  the  wheel  is  turning,  beginning  the  motion  from  the 
end  most  remote  from  the  bow.    AH  the  notes  of  the  octaVi^ 
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Idiidbofooiioordt«iddisootd%  wiUbel^  etdi 
■pcorii  Iniiigiireodkd  and  fidlowed  b?  a  ruffing 
^•flBd'thit  soooeeded  by  a  grating  dbooNL  After 
Mfal  mw  of  the  whole,  kt  the  |tetidiikr  hanaonU 
idaiii  of  the  bridge  be  more  oarafiiU^  ortnwnrd  as 


•t« 


»* 


-^kL  flUft  the  moreable  bridge  to  the  difindii  ltf>. 
IftlMMrOsncdy  flaoed,  ire  shall  hear  a  peifecl  oetav^ 
|j|Miy  baaliiig.  It  i%  however,  seldom  so  ekadtly  SM, 
f^fmttdiy  Icar  some  beating.  By  gentljr  Adittng 
ij(p»to«thflr  side,  Ah  beatfaig  beooaes  IndM  or  kse 
MBs4  "^vlMk^  ^"«  lurre  fi^nd  in  wbidi  diMJ^bn  the 
fariM' be  moved,  we  on  thta  slide  it  sloi^tiil  tiM 
I  «!■■»  eatiidy,  and  the  sdunds  eoalesde  bit6  die 
illPfrnaiiioanely  bear 'die  treble  or  oetaVe  rMt  Hb 
i  from  the  bam  or  fundamental  stforded  by 
if  the  noOes  are  duly  proportioned  in  loud- 
bear  the  two  at  disdnot  lioundii,  but  a  note 
gJIfWe  same  with  die  Aiudameiital,  only  more  brit 
f3M  A  it  would  be  a  groat  improvement  of  the  «p- 
i'4lo  kmro  a  micrometer  siSMr  tat  produdng  those 
lariaprdf  die  bridge,) 

flag  .thus  prodaeed  a  fineodave,  we  can  now  perodnfe 
a  wo  eohdanoe  to  shift  the  bridge  from  its  proper  phu«, 
er^aoetioii,  die  beating  becomes  more  and  more  rapid, 
m  to  a  iMent  rattling  flutter,  and  then  degenerates 
•soat  disagreedble  jar.  This  phenomenon  is  observed 
I  dowiatian  of  every  concord  whatever  ftom  perfect 
mf^  kod  must  be  carefully  kept  in  remembrance. 
L  Beictpe  we  quit  this  concord,  the  octave  produced 
ibiaeetionof  the  pipe  or  string,  we  must  ohaerve,  that 
M|ieOt  to  oitadves,  the  octave  e  c  must  beat  Idmost 
in  8  iboond,  brfore  we  can  obsijrve  clearly  any  mis-tune 
rr  sounding  the  noOte  in  succesnon,  or  as  stl^  in  the 
c  tllelody.  We  never  Imew  any  ear  so  nic^  asto  dis- 
a  VuMdnbig  whclh  it  beats  but  once  in  three  seconds. 
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We  think  ourselves  entitled  tliercfore  to  sav,  that  we  anu* 
sensible  of  a  temperament  in  melody  amounting  to  on^thiid 
of  a  comma;  and  we  never  knew  a  person  sensible  of  a  teow 
perament  half  this  bulk. 

When  the  imperfection  of  the  octave  is  clearly  aemiUe 
by  sounding  the  notes  in  succession,  it  is  extremely  dingreei 
able,  feeling  like  a  struggle  or  endeavour  to  attain  a  certiin 
note,  and  a  failure  in  the  attempt.  This  seemsowing  tothe 
familiar  similarity  of  octaves,  in  the  habitual  talking  nd 
binging  of  men  and  women  together^  But  whea  the  nolei 
are  sounded  together,  although  we  are  not  much  more  sen- 
sible of  the  imperfection  of  the  harmony  directlyi  as  a  fiul- 
ure  in  the  sweetness  of  the  concord,  we  are  very  sensible  of 
this  phenomenon  of  beating ;  and  any  person  who  can  dis- 
tinguish a  weak  sound  from  a  stronger  one,  can  eaaly  per- 
ceive, in  this  indirect  manner,  any  fraction  of  a  oomma,  how- 
ever minute.  This  makes  the  tuning  by  hamumy  mudi 
more  exact  than  by  melody  alone.  It  is  also  much  moreac- 
commodatcd  to  the  genius  of  modern  music.  The  ancieDts 
had  favourite  passages,  which  were  frequently  introduced 
into  their  airs,  and  they  were  solicitous  to  have  these  in  good 
tune.  It  appears  from  passages  in  the  writings  of  GaleO) 
that  different  performers  excelled  chiefly  in  their  skill  in 
making  those  occasional  temperaments  which  their  music  re- 
quired. Our  music  is  much  more  strict,  by  reason  of  our 
harmonic  accompaniments,  which  are  an  abominable  noise 
when  mis-tuned  in  a  degree,  which  would  have  passed  with 
the  ajx'ients  for  very  good  melody.  Aristoxenus  says,  that 
the  car  cannot  discover  the  error  of  a  comma.  This  would 
now  be  intolerable. 

374.  But  another  advantage  attends  our  method.  We 
(jhtain,  by  its  assistimce,  the  most  {x^fect  scale  of  melody ; 
})crfect  in  a  dt-gree  attainable  only  by  chance  by  the  Greeks. 
This  is  now  to  bo  our  bushiess  to  unfold. 

375. — II.  Set  the  moveable  bridge  at  158,  and  sound 
the  two  strings.     They  will  beat  very  disagreeably^  being 
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jlnily  out  of  tune.*  Slide  it  gradually  toward  160»  and  the 

wUlgrow  slower  and  slower;  will  change  to  a  gentle 

not  unpleasant  undulation ;  and  at  last,  when  the  bridge 

aft  lfiO»  will  vamsh  entirely,  and  the  two  sounds  will  coa- 

into  one  sweet  concord,  in  which  neither  of  the  com- 

^ponent  sounds  can  be  distinguished.   If  the  sound  given  by 

idle  abort  string  be  now  examined  as  a  step  in  the  scale  of 

•melody,  it  will  be  found  a  fifth  to  the  sound  of  the  long  string 

or  fnadamental  note,  perfectly  satisfactory  to  the  nicest  ear. 

Tluw  one  step  of  the  scale  has  been  ascertained. 

III.  Slide  the  bridge  slowly  along  the  string.  The  beat- 
iDg^win  reeommence,  will  become  a  flutter,  and  then  a  jar- 
tin^  noise;  and  will  again  change  to  an  angry  flutter,  bcat« 
'ing  dbont  aght  tiroes  in  a  second,  when  the  bridge  stands 
«t  189  Mtriy.  Pushing  it  still  on,  but  very  slowly,  the 
flutter  win  become  an  indistinct  jarring  noise;  which,  by  con- 
tinuing the  notion,  will  again  become  a  flutter,  or  beat  about 
mx  m  the  second.     The  bridge  is  now  about  171. 

S78.— IV.  Still  continuing  the  motion,  the  flutter  becomes 
•jarring  noise,  which  continues  till  the  bridge  is  near  to  180, 
wlm  the  rapid  flutter  will  again  be  heard.  This  will  be- 
eome  slower  and  slower  as  we  approach  to  180 ;  and  when 
the  bridge  reaches  that  point,  all  beating  vanishes,  and  wc 
bare  a  soft  and  agreeable  concord,  but  far  inferior  to  the 
fbnner  oonoord  in  that  cheering  sweetness  which  character- 
ises the  fifth.  When  this  note  is  compared  with  that  of  the 
fundamental  string,  asa  step  in  the  scale  of  melody,  it  is  found 
to  correspond  to  the  note  j^,  or  the  fourth  step  in  the  scale, 
and  in  that  employment  to  give  complete  satisfaction  to  the 


S77.— V.  Still  advancing  the  moveable  bridge  toward  the 
nut,  we  shall  hear  the  beatings  return  again ;  and  after  flut- 
tering and  degenerating  to  a  jarring  noise,  by  a  very  small 
asotion  of  the  bridge,  they  will  again  be  heard,  will  grow 
slower,  accompanied  with  a  sort  of  angry  expression,  and  will 
entirely  when  the  bridge  reaches  the  !9Sd  divinon  of 

VOL.  rv.  2d 
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our  scale.  Here  wc  have  another  eenoord  of  wy  pmdt 
ar  ch^^ter,  being  neniarkabty  eBllvettiag  and  gay.  Tib 
sound  gives  perfect  satisraction  to  the  ear,  iTeaiploydailhe 
third  step  in  the  scale  of  melody,  heing  the  note  w  of  dat 
series,  at  least  in  all  gay  or  cheerful  lurs. 

378. — VI.  As  we  move  the  bridge  from  19)t  lo  980|fe 
hear  again  the  same  beatings  which,  io  the  immedialffn- 
cinity  to  1 92»  have  a  peevish,  fretful  expressioB,  inHiil  of 
tlic  angry  waspish  expression  before  mentioned.  When  tk 
bridge  has  passed  that  situaticm  which  produees  only  gnliig 
discordance,  we  hear  the  beatings  again,  and  they  bsoooe 
blower,  and  cease  altogether  when  the  bridge  arrifesallBO. 
Here  we  have  another  consonance,  which  must  be  called  a 
concord^  because  it  is  rather  agreeable  than  ottcmia^  but 
strongly  marked  by  a  mournful  melancholy  in  the  eafco- 
iuon.  In  the  scale  of  melody,  it  forms  the  third  atepia  those 
airs  which  express  lamentation  or  grief.  It  is  called  the 
minor  Mird,  to  distinguish  it  from  the  last  eBlivernng-eoa* 
cord,  which,  being  a  larger  interval,  is  called  the  mtgarliirl 

379.  It  is  well  known,  that  these  two  thirds  give  the  dii- 
tinguishing  characters  to  the  only  two  modes  of  uieldfciw 
c-omposition  that  ore  admitted  into  modem  munc.   The  M- 
ries  containing  tlie  major  third  is  called  the  wutjor^  and  tint 
containing  tlie  minor  third  is  called  the  mimar  mode,    h  19 
worthy  of  remark,  Uiat  the  fanatical  preachers,  in  their  eoi- 
venticlcs  and  field  sermons,  affect  this  mode  in  their  In^ 
rangues,  which  are  often  distinctly  musical,  moduIaUng  eh 
tircly  by  musical  intervals,  and  keeping  the  whole  of  thef^ 
chaunt  in  subordination  to  a  fundamental  or  key  note.  Thi^ 
is  not  unnatural,  when  we  consider  the  general  scope  of  theM 
discourses,  namely  to  inspire  Aelancholy  and  humiliaUn^ 
thoughts,  awakening  sorrow,  and  the  like.    It  is  not  ao  easy 
to  })(count  for  the  usual  whine  of  a  beggar,  who  genenlh^ 
craves  charity  in  the  major  third.   This  is  the  case,  at  leasts 
in  the  northern  parts  of  this  island. 

380.  If  we  continue  to  shift  the  bridge  stiH  nearer  to  the? 
end  of  the  string,  we  shall  hear  nothing  but  a  suocesnon  of 
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diiMdittt  noiaei,  tomewhat  less  oflieDm?e  when  die 
is  about  the  di?isioiw  213  and  SIS,  but  twen  there 
BiplaaMDt 

T .  9B1.<^VIL  Let  us  therefore  change  our  matiner  of  pnK 

«MfiAg  a  fittle,  and  again  place  the  bridge  a^  160,  which 

/mUk  ghnt  «t  the  phasing  concord  of  the  fifth.     Instead  of 

pudimg  it  from  that  place  toward  the  nut,  let  k  be  moved  . 

the  wheel  or  bow.  Without  repeating  what  we  have 

^gf  4ba  Appeataaee  of  the  beatings,  their  aooeleration,  and 

MAgsomting  intoajarrmg  diseoAl,  to  be  afterwards 

bf  another  beating,  fcc  8k*.  we  shall  only  observe, 

wm  fdace  tbe  bridge  at  100,  we  have  no  beatings, 

•whaara  eonsonatice,  which  is  in  a  slight  degree  plea- 

it|  atod  fliay  therefore  be  called  a  concotYf.   It  has  the  othet 

of  a  concord  which  we  have  been  malting  so  much 

liaa  tf  I  ^fiar  the  beatings  recommence  when  we  shift  the 

triigain  sUmt  side  of  150.  This  note  makes  the  sixth  step 

JBtbtf  dSMMding  scale  of  mournful  melody :  that  is,  when 

MMg  from  the  acute  to  the  graver  noCes,  with  the 

of  putting  an  emphasis  on  the  third  and  the  fiin*> 

AMiongh  not  eminent  as  a  concord  with  tlie  fiin^ 

akme,  it  has  a  most  pleasing  effect  when  listened 

ta  ia  anhordtnation  to  the  whole  series,  or  when  sounded 

with  other  proper  accompaniments  of  the  fundaiiientd. 

SBil^^^VlII.  Pladng  the  bridge  at  144,  we  obtain  ano- 

tcty  pleasing  concord,  differing  in  its  expression  from 

asf  af  Ae  foregoing.   Wc  find  it  difficult  to  express  its  cha« 

fMier.     It  is  greatly  inferior  to  the  fifth  in  sweetness,  and 

tadia  ttMQdr  diird  in  gmety,  but  seems  to  possess,  in-a  lower 

dUgne^  both  of  these  qualities.  In  the  scale  of  cheerful  me- 

lDdy»  it  is  the  sixth  note,  which  we  have  distinguished  by 

iha  ajrliaUe  b.    It  is  also  used  even  in  mournful  mdody, 

whaaWa  are  ascending,  with  the  intention  of  clodng  with 

iheoalava. 

988L  In  shifting  the  bridge  from  144  to  120,  we  obtain 
Botlttiig  bntdiseordant,  or  at  least  disagreeaUe  consonances. 
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And«  Itstly,  if  we  move  the  bridge  beyond  ISO,  to 
which  are  respectively  the  halves  of  those  Diimbers  wiudi 
produced  the  concords  already  treated  of,  we  obtain  the  asie 
steps  in  the  scale  of  the  upper  octave.  Thus  if  the  bridge 
be  at  80,  we  have  the  fifth  to  the  octave  note,  or  twdfkh  Id 
the  fundamental.  If  it  be  at  60,  we  obtain  the  doubk  oc- 
tave, 8ec.  &C.  &C. 

38i.  We  have  perhaps  been  rash  in  affixing  certain  monl 
or  sentimental  characters  to  certain  concords ;  for  we  hire 
seen  instances  of  persons  who  gave  them  different  denan> 
nations;  but  these  were  never  contradictory  to oun, but^ 
ways  expressed  some  sentiment  allied  to  that  which  we  hire 
assigned.      We  never  met  with  an  instance  of  a  penoo  ca- 
pable of  a  little  discriminating  reflection,  who  did  not  ac- 
knowledge a  manifest  sentimental  distinction  among  the^f* 
ferent  concords  which  could  not  be  confounded    We  doubt 
not  but  that  the  Greeks,  a  people  of  exquisite  sensifailitj  to 
all  the  beauties  of  taste  and  sentiment,  paid  much  attentioa 
to  these  characters,  and  availed  themselves  of  Jthem  m  tbac 
compositions.    Wc  do  not  think  it  at  all  ynlikcly,  that  gretU 
cr  efi*ects  have  been  produced  by  their  music,  which  wis 
btudicd  with  this  express  view,  than  have  ever  been  produced 
by  the  modern  music,  witli  all  the  addition  of  harmony.  We 
have  allowed  too  great  a  share  of  our  attention  to  merehar- 
mony.     Our  great  authors  arc  much  less  solicitous  to  com- 
pose an  enclianting  air,  than  to  construct  a  full  score  of  ridi 
«ind  well  conducted  harmony..  We  do  not  profess  to  be  nice 
judges  in  musical  composition,  but  we  may  tell  what  weouT'' 
selves  experience.   We  find  our  minds  worked  up  by  a  con-' 
tinuance  of  fine  harmony  mio  & gaicral  sensibility;  into^ 
frame  of  mind  which  would  prepare  and  fit  us  for  receiving 
strong  impressions  of  moral  sentiment,  if  these  were  distincU^ 
iy  made.      But  we  have  seldom  felt  any  distinct  emotions 
excited  by  mere  instrumental  music.      And  when  the  har- 
monies have  been  merely  to  support  the  performance  of  a 
voice,  tlie  words  have  been  either  so  frittered  by  musical  di« 
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ions,  as  to  become  in  some  measure  Iudicrou»-«or  have 
n  80  indistinct,  and  made  so  trifling  a  part  of  the  muac, 
I  there  was  nothing  done  to  give  a  particular  shape  to 
moral  impression  on  our  mind.  We  have  generally  been 
mgly  affected  by  some  of  the  anthems  which  were  in 
;iie  in  former  times ;  and  we  think  that  we  {)erceived  tlie 
06  of  this  difference:  There  was  a  great  simplicity  in  the 
Departs:  the  syllables  were  not  drawled  out  into  long 
nod  phrases,  but  pronounced  nearly  according  to  their 
ipcr  quantities ;  so  that  the  sentiment  of  the  speaker  was 
wnmsd  with  all  the  force  of  good  declamation,  and  the 
moiiy  of  the  accompaniment  then  strengthened  the  ap- 
priale  eflect'  of  the  melody.  We  mean  not  to  offer  these 
ervatioDs  as  of  much  authority,  but  merely  to  mention 
le  factS)  and  to  assign  what  we  felt  to  be  their  causes,  in 
ler  to  promote,  in  some  degree,  however  insignificant,  the 
tivation  of  musical  science.  With  this  view,  we  venture 
Mjf,  that  some  of  the  best  compositions  of  Knapp  of  York 
fbrmfy  aflect  us  more  than  the  more  admired  anthems  of 
d  and  Tallis.  A  cadence,  which  Enapp  gives  almost 
irdy  to  the  melody,  is  laboure(^  by  Bird  or  Tallis  with 
the  rules  of  art ;  and  you  have  its  characters  of  perfect 
imperfect,  full  or  disappointed,  cadences,  and  such  an  ap- 
atusof  preparation  and  resolution  of  discords,  that  you 
lee  it  at  the  distance  of  several  bars,  and  then  the  part 
igned  to  the  voice  seems  a  very  trifle,  and  merely  to  fill 
a  blank  in  the  harmony.  Such  composition^  smell  of  the 
ip^  and  fail  of  their  purpose,  that  of  charming  the  Uamed 
.  But  enough  of  this  digression 
nS.  Thus  have  we  found  a  natural  relation  between  cer- 
I  sounds  strongly  marked  by  very  precise  characters.  The 
oordance  of  sound  is  marked  by  the  absence  of  all  undu- 
DO,  and  the  deviations  from  this  harmony  are  shewn  to 
measurable  by  the  frequency  of  those  undulations.  We 
e  also  found,  that  the  notes  which  are  thus  harmonious 
)g  with  the  fundamental,  are  steps  in  the  scale  of  natural 
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music  (for  we  must  acknowledge  melody  tobetfaeprantivt 
music  dictated  by  uat  re.)  We  have  got  the  notei'  iim 
miyfa^  jo/,  /!a-— Ah  ascertained  in  a  way  that  caa  no  kapr 
be  mistaken. 

386.  Let  us  now  examine  what  physical  or  morhaari 
relations  these  sounds  stand  in  to  each  other.  OurmonocM 
gives  us  the  lengths  of  the  strings ;  and  the  diseonrf  d 
Galileo  shews  us,  that  these  are  alao  the  durationa  ef  da 
i^rial  pulses  which  produce  the  sensations  of  musioal  mMk 
Their  ratios  may  therefore  ho  truly  oalled  the  ratios  ef  da 
sounds.  Now  we  see  that  the  strings  wluch  pmiast  da 
sounds  do  wl  are  840  and  160.  These  are  in  the  wAdl 
3  to  2.  In  this  noanner  we  may  state  all  the  ratios 
in  our  experiment,  viz. 
J)o  :  mi  have  the  raUo  of  240  to  199,  or  of  5to4 


Do:  fa 

S40  :    180 

4:  S 

JDo:«W 

240  :  160 

3:  2 

Do:  la 

840  :  144 

6:  3 

Mi:$d 

109  :  160 

6  :  5,: 

Fa:  *ol 

180  :  160 

9  :  8 

Sol:la 

160  :  144 

10:  » 

Mi:  fa 

102  :  180 

16  :  15 

i»:nt» 


Here  we  get  the  sight  of  all  the  raUos  which  the  ingeoi- 
ous  and  unwearied  ^peculations  of  the  Grreek  mathetnatkaii 
enlisted  into  the  service  of  music,  without  being  able  topM 
a  good  reason  why.  The  ratio  5  :  4,  which  their  fasddioss 
metaphysicians  rejected,  and  which  others  wished  to  iatt^ 
duoe  from  motives  of  mere  neces^ty  to  fill  up  a  bkuric»ii 
pointed  out  to  us  by  one  of  the  finest  oonoorda.  The  inl8^ 
val  between  the  fourth  and  fifth  is,  vefyfariumUdy^  aslqxi^ 
the  scale. 

387.  The  next  step  sol  la  is  more  important.  For  the  sir 
for  melody  would  have  been  very  well  satisfied  with  an  ii^ 
tcrval  equal  to^a  «o/,  or  9  :  8 ;  but  if  the  moveable  bridge 
be  set  at  the  (h vision  142^,  corresponding  to  suoh  a  slop^ 
we  should  have  a  very  offieasive  fluttering.  It  is  veaKwhk 
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Itriifiini  to  taadadejjrom  analogy,  that  the  interval  md  la 
itm  nol  eorre^Mmd  to  the  ratio  9:8;  and  that  10 :  9, 
■Ueh  m,  al  least,  equally  satisfactory  to  the  ear,  is  the  pro- 
pir  ttep^  cimi  in  die  scale  of  melody.  If  we  connder  what 
be  called  the  scale-  of  harmony,  there  is  no  room  left  for 
To  eii|ov  the  upreatest  possible  pleasure  of  harmony, 
met  aoc  only  take  each  note  as  it  is  related  to  the  fun* 
I,  but  aIsM  as  it  is  related  to  other  notes  of  the  scale. 
to  be  convenient  to  assume  for  the  fund»- 
of  our  otcsasional  scale  of  modulation,  the  string  of 
Ibe  lyn  whidi  is  tuned  as  ^a  to  its  proper  fundamental ;  or 
is  aaf  iflBKase  the  hamicniy  (and  we  know  that  it  defes),  if 
H  aooonpBDy  the  note  do  with  both  of  the  notes^  and  fa. 
rofaavw  the  fine  concord  of  the  major  third,  it  is  necessary 
ttiafc  the  interval^  la  he  equivalent  to  the  ratio  5  :  4.  Now 
^  b  180,  and  5  :  4  :=:  180  :  144.  Therefore,  by  making 
the  step  ml  fa  equal  to  9  :  8,  we  should  lose  this  agreeable 
ssnoofdv  and  get  discord  in  its  place. 
And  thus  is  evinced,  in  ofqposition  to  Aristoxenus,  the 
of  having  both  a  major  and  a  minor  tone ;  the  first 
by  9 :  8,  and  the  last  by  10  :  9.  The  diflerence 
these  steps  is  the  ratio  81  :  80,  called  a  comma  by 
the  fifoek  theorists. 

9SflL  We  flUli  want  two  steps  of  the  scale,  and  two  sounds 
sr  notes  corrasponding  to  them,  namely  rt  and  m  ;  and  we 
wish  to  establidi  them  on  the  same  authority  with  the  rest. 
We  Aa  that  this  cannot  be  done  by  a  concordance  with  the 
fi^Jmnmtal  do.  The  ear  sufficiently  informs  ns  that  the 
stspa  dm  re  and  fa  n  must  be  tones,  and  not  semitones,  like 
wifa^  The  sensible  Mmilarity  of  the  two  tetradrards,  do  rt 
wdfo  aad  mAlasida^  also  teaches  us  that  the  step  at  do shmild 
bwo  senitone  like  wifiL  This  seems  to  be  all  that  mere 
sariody  can  teach  us.  But  we  have  little  information  wbe- 
Aar  we  shall  make  fa  m  a  major  or  a  minor  tone.  If  we 
copy  the  tetraehord  do  re  mi  fit  exactly,  we  shall  make  the 
St  da  like  an/a,  aad  equivalent  to  the  ratio  16 :  15. 
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This  requires  the  moveable  bridge  to  be  plioed  at  128.  The 
sound  produced  by  this  'iviaon  is  perfectly  satisfadoij  to 
the  ear  as  a  step  of  the  scale  of  melody.  MoreoYsr,  our 
satisfactioQ  is  not  confined  to  the  comparison  of  it  widi  Ae 
note  do,  into  which  we  slide  by  this  gentle  step.  It  mikei 
agreeable  melody  when  used  as  the  third  to  the  note  W.  If 
we  examine  it  mathematically,  we  find  it  a  perfect  major  tlmd 
to  sol ;  for  sol  requires  the  160th  diviaon.  Now  160 :  liB 
=  5:4,  which  is  the  ratio  of  the  pulses  of  a  major  tUid. 
All  these  reasons  seem  enough  to  make  us  adopt  thb  delff- 
mination  of  the  note  si. 

389.  It  remains  to  consider  how  we  shall  divide  die  in- 
terval do-^^mi.     It  is  a  perfect  major  third.   So  isfa  kf  sod 
so  is  sol  si.     But  in  the  first  of  these  two,  we  have  Mcnthit 
it  must  be  composed  of  a  major  tone  with  a  minor  tone  shove 
It ;  and  in  the  second  we  have  a  minor  tone  followed  by  t 
major  tone  above.    We  are  left  uncertain  therefore  wbethff 
do  re  shall  resemble^  la  or  sol  si  in  the  position  of  iti  two 
parts.   Aristoxenus  and  his  followers  declared  the  ear  to  be 
equally  pleased  with  both.     PtoIcmy^s  Systana  Diataskm 
Intensum  makes  do  re  a  major  tone,  and  other  systems  nuke 
it  minor.     Even  in  modern  times  it  has  been  considered  tf 
uncertain ;  and  the  only  reason  which  we  have  to  offer  far 
a  preference  of  the  major  tone  for  the  first  step  is,  that,  so 
far  OS  wc  can  judge  by  our  own  feelings,  the  sounds  in  the 
relation  of  9  :  8  are  less  discordant  than  sounds  in  the  rda- 
tiou  of  10  :  9,  and  because  all  the  other  steps  have  beAi  de- 
termined by  means  of  concords  with  the  key.   We  refei^ftr 
a  more  particular  examination  of  the  principles  on  which 
these  arrangements  are  valued,  to  Dr.  Smithes  HamumkSf 
Prop.  I.  where  he  shews  how  one  is  preferable  to  another, 
in  proportion  as  it  affords  a  greater  number  of  perfect  con- 
cords among  the  neighbouring  notes,  which  is  the  favourite 
object  in  all  modem  music.      Upon  this  principle  our  ar- 
rangement is  by  far  the  best,  because  it  admits  five  more 
concords  in  the  octave  than  the  other.    But  we  have  con- 
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lored  the  subject  in  a  different  manner  merely  to  avail  our- 
[vea  of  the  phenomenon  by  which  all  the  steps,  except  one, 
Bm  to  be  naturally  ascertuned,  and  by  which  the  connec- 
■B  between  harmony  and  melody  seems  to  be  pointed  out 

us. 

390.  It  will  be  convenient  to  represent  the  tcmes  major  and 
inor  and  the  hemitone,  by  the  symbols  T,  t^  and  H.  Also 
•  mark  die  notes  by  the  Roman  numerals,  or  by  cyphers 
aeordting  as  they  are  the  extremes  of  major  or  minor  inter- 
ilSi  By  this  notation  the  octave  may  be  represented  thus : 


C     D    E 


8  9    15     81      9      5_  IS    8^ 

9  10    16     9     TO     9     16    9  *^^ 

K    n    III   4     V     VI  VII  VIII  IX  X  &C. 

The  reader  will  remark,  that  the  primary  divisions  which 
re  asngned  to  the  representation  of  an  octave  in  Plate  V. 
ig.  1.  by  the  drcumference  of  a  circle,  are  in  conformity  to 
Us  Ptolemaic  partition  of  the  octave.  He  will  also  be  sen- 
iblei  that  the  divi»on  into  five  equal  mean  tones  and  two 
iqual  hemitones,  which  is  expressed  by  the  dotted  lines, 
igreeing  with  the  Ptolemaic  division  only  at  C  and  E«  isei- 
Reeled  by  bisecting  the  arch  C£ ;  and  therefore  the  devia- 
ddn  of  die  sound  substituted  for  tlie  Ptolemaic  D  is  half  the 
StSerence  of  CD  and  D£,  that  is,  half  a  comma.  The  de- 
riaticms  therefore  at  F,  G,  A,  and  B,  are  each  a  quarter  of 
I  oonuna. 

It  is  well  known,  that  if  the  logarithm  of  the  length  of 
one  string  be  subtracted  from  that  of  another,  the  difference 
is  a  measure  of  the  ratio  between  them.  Therefore  30103 
b  the  measure  oT  the  musical  interval  called  the  octave^  and 
then  the  measures  of  the 

Comma        •         .  540  or  54 

Hemitone        .         .     2803  280 


42S 
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1 

Minor  tone    . 

4676  or 

458 

r 

Major  tone 

SI  15 

618 

Ic 

3d      .        .        . 

7918 

199 

^^l« 

Hid 

9691 

9m 

^H^ 

4th                 .      . 

12494 

1249 

ll 

Vth      .       .      . 

17609 

1761 

1 

6th                .      . 

80412 

8041 

1 

Vltb 

22185 

8819 

1 

Vllth      . 

87900 

8789 

1 

Vlllth 

30103 

SOlO 

] 

This  is  8  very  oonTenient  drcum&tance  If  wetakffttljtiir 
four  first  figures  as  integers,  and  make  the  octave  cwfist  of 
3010  parts,  we  have  a  scale  more  eiact  than  the  aisMtiur- 
mony  requires.  The  drcumfereiice  of  a  cnde  m^  kft  lodi- 
vided  into  901  degrees,  and  the  moveable  drcle  hifc  a  no- 
nius subdividing  each  into  10.    Or  it  may  be  dinM  into 
55,8  d^ees,  each  of  which  will  be  a  comma.  Either  of  thoe 
divisions  will  make  it  a  most  convenient  instrument  fior  ex- 
peditiously examining  all  temperaments  of  the  scale  that  cm 
be  proposed.    Or  a  straight  line  may  be  so  divided,  and  n- 
peated  thrice.     Then  a  sliding  ruler,  divided  in  the  flune 
manner,  and  applied  to  it,  will  answer  the  same  purpoK- 
We  shall  see  many  useful  employments  of  these  instnunoU 
by  and  by. 

391.  Having  thus  endeavoured  to  communicate  some  pbon 
notion  of  the  formation  and  singular  nature  of  that  gndsr 
tion  of  sounds  which  produces  all  the  pleasures  of  mu9fi« 
and  of  the  manner  of  obtaining  the  steps  of  this  gradaUX^ 
with  certainty  and  precision,  wc  proceed  to  consider  hfff 
those  musical  passages  may  be  performed  on  such  keyed  in* 
struments  as  the  organs  and  harpsichords,  as  they  are  no^ 
constructed.   These  instruments  have  twelve  sounds  and  in- 
tervals in  every  octave,  in  order  that  an  air  may  be  perfartn- 
ed  in  any  pitch ;  that  is,  taking  any  one  of  the  sounds  as  a 
key  note.     It  is  plain  that  this  cannot  be  done  %nth  accu- 
racy. ;  for  we  have  now  seen  that  the  interval  mi/a  is  bigger 
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^'Mtti  lialf  of  db  re  or  re  mi^  &c.  and  therefore  the  intercalary 
^'^^Ulid  foroMrij  mentioned  to  be  inserted  between  C  and  D» 
^  ^9d  E,  8cc  will  not  do  indiscriminately  for  the  sharp  of  the 
*^^nd  bebw,  and  the  flat  of  the  sound  above  it  When  the 
^^tte  wte  veduoed  to  a  mean  siae,  the  ear  is  scarcely  sensi- 
Wtt  of  the  change  in  melody,  and  the  harmony  of  the  fidbs 
Ibttrdia  is  not  greatly  hurt  But  when  the  half  notes 
f  and  employed  to  make  up  harmonious  inter- 
vseooBmended  by  Zarlino^  the  harmony  is  very  coarse 


Bttt  we  must  make  the  reader  sensible  of  the  neees^^ 
^SOj  ef  aoase  temperamont,  even  independent  of  those  arti- 
lelM*     jLbefefbre 

Ae  ariwhur  tune  upwards  the  four  Vths  e  g^gd^da^ 
7^  aB  ^fft^Mi  admitting  no  beating  whatever.     This  is 

ri^er  with  the  organ  or  the  wheel  monodiord 
f  dSiiribed.  Then  tune  downwards  the  perfect  oc» 
taireae  i^  e  &  Now  examine  the  Hid  c  e  which  results  from 
die'  fiWicess,  If  the  instrument  be  of  the  pitch  hitherto 
a^yffawrf  (e  making  840  pulses  in  a  second,)  this  Hid  will 
Ble  hfffT  beating  15  times  in  a  second,  which  is  a  discord- 
flibe  ihogedier  intolerable,  the  note  e  being  too  sharp  in 
AeiitiDof  81  to  80,  which  makes  a  comma.  It  is  easily 
Ibnd,  fay  ealculatioo,  that  f -makes  303|  pulses,  instead  of 
9110^  te^uiied  for  the  Hid  to  c. 

JF.  A  It  may  not  be  amiss  to  inform  our  readers,  that  if 

MB 

anj  CQQcpidt  whose  perfect  ratio  is-^  {m  bttng  the  greatest 
tersiof  thesmallest  integers  expressing  that  ratio)  be  tempered 

sharp  by  the  fraction  r^  of  a  comma,  and  if  M  and  N  be  the 

pulses  made  by  the  acute  and  grave  notes  of  the  concord 

during  any  number  of  seconds,  the  number  b  of  beats 

2amN 
Bade  in  the  same  time  by  this  concord  will  be  =:  XSfp^^ 
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t 


SfnM         ,  ^  2f«If 

2qnM 
or-i^l      "~.  (Smitlis  Harm.  2d  edit.  p.  82,  fcc) 

'    393.  It  is  impossible,  therefore,  to  have  perfect  Vdi^nl 
perfect  Illds  at  the  same  time.  And  it  will  be  found,  thildK 
3d  e  ^  resulting  from  this  process,  and  the  Vlth  c  a,  are  d 
more  discordant,  rattKng  at  an  intolerable  rate.     Nov  Ae 
major  and  minor  thirds,  alternately  succeeding  each  other, 
form  the  greatest  part  of  our  harmonies ;   and  the  Vlthii 
also  a  very  frequent  accompaniment,     k  is  necessaly  there- 
fore to  sacrifice  somewhat  of  the  perfect  harmony  of  the  Vth^ 
in  order  that  we  may  not  be  disgusted  with  the  cENoni  of 
those  other  harmonies :  and  it  is  this  mutual  aocomawditioo, 
and  not  the  changes  made  necessary  by  the  introdiMi^af 
intercalary  notes,  which  is  properly  called  TEMFeaAiinT. 
It  will  greatly  assist  us  in  understanding  the  effects  of  the 
temperaments  of  the  different  concords,  if  we  exanune  lU 
the  divisions  of  the  circular  representation  of  the  octave  and 
musical  scale  given  in  Plate  V.  fig.  1.  by  placing  the  index 
of  the  moveable  cirele  on  that  note  of  the  outer  circle  for 
which  we  want  the  proper  harmonies,  or  accompaniments, 
which  are  either  the  Illd  and  Vth,  or  the  4th  and  Vltb. 
We  shall  thus  learn,  in  theirs/  place,  the  deviations  of  the 
different  perfect  notes  of  the  scale  from  the  notes  required 
for  this  new  fundamental ;  and  we  must  then  study  what 
effect  the  same  temperament  produces  on  the  agreeable- 
ncss  of  the  haimony  of  different  concords  having  the  saxas 
bass  or  the  same  treble,  taking  it  for  granted  that  the  hurt 
to  the  harmony  of  any  individual  concord  is  proportional 
to  its  temperament. 

394  It  is  in  this  delicate  department  of  musical  science 
that  we  think  the  great  merit  of  Dr.  Smith's  work  consists. 
We  see  that  the  deviation  from  perfect  harmony  is  always 
accompanied  with  beats,  and  increases  when  they  increase 
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A  ficquency— -whether  it  increases  in  the  same  proportion 
Miy  be  a  questicHi.  We  think  that  Dr.  Smithes  determina- 
11^  of  the  equality  of  imperfect  harmony  in  his  13th  propo- 
^km,  ineludeB  every  mathematical  or  physical  circumstance 
^  appcara  to  have  any  concern  in  it.  AVhat  relates  im- 
mediately to  our  sensations  is,  as  yet,  an  impenetrable  secret 
hft  theory  of  beats,  as  delivered  by  this  author,  affords 
Bty  easy,  though  sometimes  tedious,  methods  of  measuring 
tid  of  iaauringali  the  varieUes  which  can  obtain  in  the  beat- 
ig  of  imperfect  consonances.  It  appears  to  us  therefore 
try  unjust  to  say,  with  a  late  writer  in  the  Philosophical 
'nmsactiopa  *,  that  this  obscure  volume  has  left  the  matter 
bete  it  fiound  it  The  author  has  given  usr  effidive  prind- 
ca»  although  he  may  have  been  mistaken  in  the  applica- 
»  ;  which  however  we  are  far  from  affirming.  Our  limits 
ill  not  alkiw  us  to  give  any  account  of  that  theory ;  and  in- 
ied  ourdhief  aim  in  the  present  article  is  to  give  a  method 
*  tempenMsent  which  requires  no  scientific  knowledge  of 
w  au^ect.  But  we  could  not  think  of  losing  the  opportun- 
ity of  communicating,  by  the  way,  to  unlearned  persons, 
me  wire  distinct  notions  of  the  scale  of  musical  sounds, 
id  of  its  foundation  in  nature,  than  scholars  usufilly  receive 
tun  the  greater  number  of  mere  music  masters.  The  ac- 
Dowledged  connection  of  the  musical  ratios  with  the  plea- 
ues  of  harmony  and  melody,  has  (we  hope)  been  employ- 
1  ID  an  easy  and  not  obscure  manner ;  and  the  phenomena 
hich  we  have  faithfully  narrated,  shew  plunly  that,  by  di« 
unishing  the  rattling  undulations  of  tempered  concords,  we 
re  certain  of  improving  the  harmony  of  our  instruments. 
Ve  shall  proceed  therefore  on  this  principle  for  the  use  of 
lie  mere  performer,  but  at  the  same  time  introducing  some 
ery  simple  deductions  from  Smithes  theory,  for  which  we 

*  Dr»  Tbomu  Young,  to  whom  Dr.  Robison  here  alludes,  has  publiihcd  a 
ply  to  thtM,  and  a  precediog  part  of  the  present  artii^lc,  in  N  chulsun's  Jour- 
It  hr  AngaA  1801.     See  also  Dr.  Young*s  I^uret  9n  Natural  PhUotofhy, 
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expect  the  thanks  of  all  such  readers  at  wish  to  seea' 
of  the  reasons  on  whidi  they  are  to  proceed. 

S05.  The  experiment,  of  which  we  have  jiiat  not  fn 
an  account,  shews  that  four  consecutive  fifths  eanp»  t 
greater  interval  than  two  octaves  and  a  mqor  thiid  Trt| 
in  the  construction  of  our  musical  instruments  (t  bd 
sounds,  they  must  be  considered  as  of  equal  extent;  isn 
we  have  7  half  intervals  in  the  Vth|  and  18  in  theoHm^ 
and  ibur  in  the  Hid,  four  Vths  contain  88»  and  t«o  mtoM 
contain  84;  and  these,  with  the  fiwirwhidi  compass  a  IPt 
make  also  88.  It  is  plain,  therefore^  that  whatever  wedi 
with  the  Illds,  we  must  lessen  the  Vths.  If  therefiae  vi 
keep  the  Illd  perfect,  we  roust  lessen  each  of  the  Ytbbj 
'th  of  a  comma ;  for  we  learned,  by  the  beating  of  the  !■- 
perfect  Hid  e  e,  that  the  whole  excess  of  the  four  ¥dn  vsi 
a  comma.  Therefore  the  Vth  eg*  must  be  flattened  Jtbofi 
comma.  But  how  is  this  to  be  done  with  aocumcj?  Bceol* 
kct  the  formula  given  a  little  ago^  where  the  nuadberefhnii 

_        ^  ,   .  8e  M  N 

0  m  any  number  of  seccmds  is  =  £g|  «  -i.  q*       In  the  pre- 
sent case  f  =z  1,  m  =  3,  N  =  840  per  second,  and  ji  =  i 

n.!.     r       ,.    ^        ,    .       8x3x240      1440      ^^, 
Therefore  the  formula  is  =  ifii  v  4  4-  1  ~  646"  ^  ^ 

in  a  second,  or  9  beats  in  four  seconds  very  nearly. 

In  like  manner,  the  next  Vth  g  d  must  be  flattynti^  ith 
of  a  comma,  by  making  it  beat  half  as  iast  again,  or  13} 
beats  in  four  seconds  (because  in  this  Vth  N  =:  360.  But 
as  this  beating  is  rather  too  quick  to  be  easily  couated,  it 
will  be  better  to  tune  downwards  the  perfect  octave  g  & 
which  will  reduce  N  to  180  for  the  VUi  6  d.  This  fiD 
give  us  1,68  per  second,  or  10  beats  in  6  seconds  very 
nearly. 

There  is  another  way  of  avoiding  the  employment  of  too 
quick  beats.  Instead  of  tuning  the  octave  g  6,  make  c  6 
beat  as  often  as  c  g.  This  is  even  more  exactly  an  octsve 
to  g  than  can  be  estimated  by  a  good  ear.    Dr.  Smith  has 
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iata4i  duit  whin  a  oateBudcei  a  MiiKir  ooQooid  wkh 
note  btfcjw  U,  and  therdbre  a  major  eonoord  with 
m  to  that  mI»,  it  beats  aquall?  with  boch;  but  if 
v  oonoovd  he  below,  it  beats  twice  as  fast  with  the 
hove  Now  in  the  |mient  case,  c  ;  is  a  Vth,  and  c 
.    For  the  same  letson  c/  would  beat  twke  as  fait 

i«eift  |Am,  the  Vth  if  a  nn»t  be  made  to  beat  flat 
l-lli  9  seoonds. 

GB  manner,  instead  of  tuning  upward  the  Vth  a  el 
mward  the  octave  a  a,  and  then  tune  upward  the 
and  flatten  it  till  it  beat  15  times  in  8  8econrl3. 
take  t5  seconds  for  the  common  period  of  all  these 
» shall  have 

The  beats  of  c  g  =  5)4. 
G  d  =  25. 

dazz37i. 

a  c  -  28. 
We  shall  now  find  c  e  to  be  a  fine  Illd,  without  any 
bcatii^ ;  and  then  we  proceed  in  the  same  way,  al- 
lipg  upward  a  perfect  Vth ;  and  when  this  would  lead 
,  and  therefore  produce  too  quick  beating,  we  should 
mward  an  octave.  Do  this  till  we  reach  b  ^^  which 
le  the  same  with  c,  or  a  perfect  octave  above  c.  This 
a  fiill  proof  of  our  accurate  performance.  But  the 
oess  of  tuning  is  to  stop  when  we  get  to  ^  c  Then 
Vths  downward  from  c,  and  octaves  upward  when 
•  would  lead  us  loo  low.  Thus  we  get  c  F,  F 
V^  V>^  S^e^,  and  thus  complete  the  tuning  of  an  oo-> 
We  lake  this  soethod,  instead  of  proceeding  upwards 

because  those  notes  marked  sliarp  or  flat  are^  when 
I  this  way,  in  the  best  relation  to  those  with  which 
!  most  frequently  used  as  Illds. 
This  process  of  temperament  will  be  greatly  expe- 
f  employing  a  little  pendulum,  made  of  a  bail  of 
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about  two  ounces  wdgfat,  sliding  on  a  light  deal  rod,  iiaviiig 
at  one  end  a  jnn  hole  thnnigfa  it«  To  prepare  tUind^ 
h&ng  it  upon  a  pin  stuck  into  the  wainsooating,  andilide 
the  ball  downward,  till  it  makes  20  Tibrations  in  U^',  by 
comparing  it  with  a  house  dock.  In  thia  onndirinn  nvk 
the  rod  at  the  uj^r  edge  of  the  ball.  In  like  manner,  sA- 
just  it  for  24,  28,  32,  36,  40»  44,  48,  vibrations,  wJaag 
marks  for  each,  and  dividing  the  spaces  between  then  bjf  the 
eye,  noticing  their  gradual  diminution.  Then,  having  cil* 
cukted  the  beats  of  the  different  Vths,  set  the  bill  at  tke 
mark  suited  to  the  particular  concord,  and  temper  the  loimd 
till  the  beats  keep. pace  exactly  with  the  pendulum.. 

S98.  But  previous  to  all  this,  we  must  know  the  nmber 
of  pulses  made  in  a  second  by  the  C  of  our  instrunenL  For 
this  purpose  we  must  learn  the  pulses  of  our  tamngfariu 
To  learn  this,  a  harpsichord  wire  must  be  stretched  bj  a 
weight  till  it  be  unison  or  octave  below  our  fork :  then,  bj 
adding  ^th  of  the  weight  to  what  is  now  appended,  it  nil 
be  tempered  by  a  comma,  and  will  beat,  when  it  is  soundid 
along  with  the  fork  ;  and  we  must  multiply  the  beats  by  80: 
The  product  is  the  number  of  pulses  rec^uired.  And  hence 
we  calculate  the  pulses  of  the  C  of  our  instrument  when  itb 
tuned  in  perfect  concord  with  the  fork. 

The  usual  concert  pitch  and  the  tuning  forks  are  so  near- 
ly consonant  to  240  pulses  for  C,  that  this  process  is  acaice* 
ly  necessary,  a  quarter  of  a  tone  never  occa^oning  the  chaogB 
of  an  entire  beat  in  any  of  our  numbers. 

399.  The  intelligent  reader  cannot  but  observe,  that  this 
system  of  tuning  with  perfect  Illds,  which  is  preferred  to 
ail  others  by  many  great  masters,  is  the  one  represented  t^ 
our  circular  iSgure  of  the  octave.  The  Illd  is  there  per* 
feet,  and  the  Vth  CG  is  deficient  by  a  quarter  of  a  oominA- 
We  cannot  here  omit  taking  notice  of  a  most  valuable  ob- 
servation of  Dr.  Smith's  on  this  temperament,  and,  in  gen^ 
ral,  on  any  division  of  the  octave  into  mean  tones  and  equal 
limmas. 
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X>.  The  octave  being  made  up  of  five  mean  tones  and 
limnMMS  it  is  plun  that,  by  enlarging  the  tones,  we  di* 
ah  the  limmas,  and  thatthe  increment  of  the  tone  is  two- 
I  of  the  oontemporaneous  diminution  of  the  limma.    If, 
sibfe,  we  employ  the  symbol  v  to  express  any  minute 
itioD'  of  this  temperament,  and  make  the  increment  of  a 
I  tone  =  8  V,  the  contemporaneous  variation  which  this 
eea  od  alimma  will  be  =  <—  5  o ;  and  if  the  tone  be  di- 
died  by  the  same  quantity  — -  8  v,  the  limma  will  in- 
i»  liy  the  quantity  6  o.     Let  us  see  what  are  the  con- 
nmieouB  changes  made  on  all  the  intervals  of  the  oo* 
when  the  tone  is  diminished  by  8  v. 
A  Vth  is  made  upof  three  tonesand  a  limma.    There- 
he  irariation  of  its  temperament  is  =  <—  6  n  +  6  v,  or  is 
>«^    That  is,  the  Vth  is  flattened  from  its  former  tem- 
BMOtp  whatever  that  may  have  been,  by  the  quantity 
Consequently  the  4th,  which  is  always  the  complement 
e  Vth  flD  the  octave,  has  its  temperament  sharpened  by 
[aantity  v. 

A  lid,  being  a  tone  distant  from  the  fundamental,  has 
mpenunent  changed  by  —  8  v. 

leiefere  a  minor  7th  is  raised  by  8  v. 
A  minor  3d  is  made  up  of  a  tone  and  a  limma :  there- 
ts  variation  is  =  —  2  v  +  5  v.  =  S  t?. 

leiefore  a  major  Vlth  (its  complement)  loses  -^3  o. 
A  major  Illd,  or  two  tones,  has  its  variation  =  ^-  4  o. 
lerefore  a  minor  6th  has  its  variation  =.4  v. 

A  major  Vllth,  the  complement  of  a  limma,  has  -—  6  o. 
A  tritone,  or  I  Vth,  must  have  the  variation  =  —  6t). 
lerefore  the  false  5th  must  have  -  •  •  6  v. 
1.  From  this  observation,  Dr.  Smith  deduces  the  foU 
g  simple  mathematical  construction :  In  the  strait  lin^ 
PhUe  V.  fig.  8)  take  the  six  equal  parts  C  g^gd^d 
E,  £  b^btf  and  draw  through  the  points  of  division 
t  parallel  lines  g*  6,  d  D,  &c.  Let  these  lines  repre-. 
9  many  scales  of  the  octave,  so  placed  that  the  points 
•  TZ.  8  s 


> 
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C,  gi  df  &c  may  represent  the  points  Cfg^d^bc  of  the 
circular  scale  in  Plate  V  Hg.  1.  where  it  is  cut  by  the  dot- 
ted lines  represeotiag  the  system  of  mean  tones  and  fia* 
mas.  Then,  Ist^  take  a  certain  length  dG  aa  the  fintfae^ 
to  the  right  hand  of  the  line  C£^  to  rqir«ent  a  quarter  of 
a  comma.  6  will  mark  the  place  of  the  perfect  Vth,  vhib 
g  represents  that  of  the  mean  or  tempered  Vlh.  td^  Sat 
off  d  D,  double  ofg  G,  in  like  manner,  to  the  ngbtbnd 
on  the  second  parallel.  This  will  be  the  place  of  the  per- 
fect lid  to  the  key  note  C.  3%,  Also  set  off  a  A»  oa  tb 
tliird  parallel,  to  the  left  hand,  equal  to  g*  G.  This  wiD 
mark  the  place  of  A,  the  Vlth  to  the  key  note  C.  4fU|!^  FlaoB 
£  on.  the  point  r^  because,  in  the  system  of  mean  tamrepn- 
sented  in  Plate  V.  fig.  1.  the  Illds  were  kept  peifteL  &i^ 
Make  6  B,  to  the  right  hand  bn  tlie  Ath  line,  eqoil  tQg  6, 
to  mark  the  place  of  the  perfect  Vllth  to  the  key  aols  C 
And,  6e%,  make  t  T,  to  die  right  hand  oo  the  siitk  fiaei 
equal  to  twice  g  G.  This  will  serve  for  shewing  tlweis- 
tcmporuneous  temperament  of  the  tritone,  or  IVth,  eontsii* 
ed  between  F  and  B,  as  also  of  its  complement,  the  fabe 
5th  in  Plate  V.  fig.  1. 

It  is  evident  that  the  temperament  of  all  the  notes  of  the 
octave,  according  to  the  above  mentioned  system,  is  pR>- 
pcrly  represented  in  this  figure.  The  Vth  is  temperedfliti 
by  the  quarter  comma  G  g ;  the  lid  is  tempered  flat  by  the 
half  comma  D  d ;  the  Vlth  is  tempered  sharp  by  a  quaiter 
comma  A  a;  the  llld  is  perfect ;  the  Vllth  is  flat  bfft 
quarter  comma  B  b ;  and  the  4th  is  sharp  by  a  quaiter 
comma  G  g, 

Wd.  Now,  let  any  other  straight  line  C  <'  be  drawn  fww* 
C  across  these  parallels.  This  will  mark,  by  the  intervals 
g'  G,  d'  D.  &r.  the  temperaments  of  another  system  of  meaD 
tones  and  linmias.  For  it  is  evident,  that  the  cootempon- 
ncous  variations  g-g",  d  d ,  &c.  from  the  former  temperaineD^ 
are  in  the  just  proportions  to  each  (4her;  gg  bei^f— -^'^ 
the  variation  proper  for  the  Vth,  and  the  opposite  \aOf^ 
ramcnt  for  its  complement  or  4rth.    In  like  manner,  a  a'  1*== 
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9  o,^  the  Tttiiatioii  competent  to  tbe  Vlth ;  and  E  f '  is  =  4  o, 
the  proptt*  vviation  for  the  Uld. 

Iti  like  tnuMier,  ft  A  is  r.  6  v,  the  variation  of  tbe  Vllth 
iaui  M.  And,  lastly,  t  f  is  the  variation  6  o  of  tbe  tritone, 
and  itft  eomplemetit,  tbe  false  fifth. 

For  all  these  rsasons,  any  <itraigbt  line  C  r'  or  C  e",  drawn 
fhomC  across  the  paralleis,  may  justly  be  called  the  txm- 


40SL  This  is  a  very  useful  construction :  For  it  is  plain, 
diattbe  aouods  which  can  be  placed  in  our  organs  and  harp- 
ahiliMtla,  which  have  only  twelve  keys  for  an  octave,  must 
i^sptoacfa  to  a  system  of  mean  tones.  The  division  of  the  oc- 
taM  Into  twelve  equal  intervals  is  such  a  system  of  mean 
lonea  exactly.  Now,  in  such  systems,  when  a  line  is  drawn 
horn  C  mtro&B  the  parallels,  we  see,  at  one  glance,  not  only 
ail  thetttB|iefamentsof  the  notes  with  the  key  note,  but  also 
the  tempciiients  of  those  concords  which  the  notes  employ- 
ed iA'^M  harmony  make  with  each  other.  Thus,  in  the 
hanwMby  df  K  —-III  —  V,  the  III  and  V  make  a  minor  3d 
with  eadi  other ;  and  in  the  harmonyof  K««4-*- VI,  the  4 
and  VI  make  a  major  3d  with  each  other.  Now  the  reader 
will  easily  see,  that  the  first  of  these  concords  has  its  interval 
Aminished  on  both  sides,  when  the  I  lid  is  tempered  sharp, 
bot  <mly  on  one  side  when  it  is  tempered  flat  The  mathe- 
matical reader  will  also  easily  see,  that  the  contemporane- 
ous temperament  A  cr'  of  the  VIch  is  always  equal  to  tlic 
sum  g'  G  and  E  c%  and  that  A  a'^  is  equal  to  the  difierencc 
of  jf^  G  and  £  e".  Therefore  tlie  temperament  of  this 
subordinate  concord,  in  the  full  harmony  E  —  III  —  V, 
is,  in  all  cases,  the  same  with  the  contemporaneous  tempera- 
ment of  the  Vlth. 

In  like  manner,  he  will  perceive  that  the  temperament  of 
Aesubordinate  Hid;  in  the  harmony  ofK-^4-— VI,  isequal 
to  the  contemporaneous  temperament  of  the  III. 

We  also  see,  in  general,  that  the  whole  harmony  is  more 
hurt  when  the  temperer  lies  in  ^e  angle  £CK>  with  the  Hid 
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tempered  sharp,  than  when  it  is  in  the  angle  ACE,  wheo 
the  Hid  is  flat ;  and  that  the  sum  of  all  the  tempenunentt 
of  tlie  concords  with  the  key  is  the  smallest  when  the  IIUs 
are  perfect  This  system  of  mean  tones,  with  perfect  IIUi, 
would  therefore  be  the  best,  if  the  harmony  of  different  ooa- 
cords  were  equally  hurt  by  the  same  temperament 

404.  We  do  not  know  any  thing  that  has  been  pufaliilMd 
on  the  science  of  music  that  ^ves  more  general  and  qvedf 
instruction  than  this  simple  figure.  If  it  be  drawn  of  Midi 
a  siie  as  to  allow  tlie  comma  EK  to  be  divided  into  a  nua- 
ber  of  equal  parts,'  suffidently  sensible,  all  titHiUe  of  cdeo- 
lation  will  be  saved. 

We  would  therefore  propose  to  accompany  tUi  tfue 
with  proper  scales. 

The Jint  scale  should  have  6  g  divided  into  13}  pvti- 
This  will  express  the  logarithmic  measures  of  the  tonpen- 
ments  menUoned  in  §  390,  a  comma  being  =  54. 

The  iec€nd  scale  should  have  g  G  divided  into  36  puU 
This  gives  the  beats  made  in  16  seconds  by  the  notes  Cig) 
when  tempered  by  any  quantity  6  g . 

The  third  scale  should  have  g*  6  divided  into  60  psitflifiv 
the  beats  made  by  the  notes  c,  f,  or  the  notes  c,  a. 

The  fourth  scale  should  have  g  6  divided  into  78  parts 
This  gives  the  beats  made  by  the  key  note  C,  with  itsmumr 
third  c^. 

The^A  scale  should  have  g  6  divided  into  48  paits»  ibr 
the  beats  made  by  the  notes  c^f. 

The  mxth  scale  should  haveg-  G  divided  into  89  parts,  oo 
which  A  a  is  measured,  to  get  the  beats  of  the  subordiost^ 
concord  formed  by  g  and  e  in  the  harmony  of  K  —  III  —  V* 

And  last  Iff  J  g  G,  divided  into  80  parts,  will  give  tbcbeiti 
made  by /and  a  in  the  harmony  of  K  —  4  —  VI. 

405.  We  are  ignorant  of  the  immediate  efficient  causes  of 
the  pleasure  we  receive  from  certain  consonances,  and  sboaI<l 
therefore  receive,  with  satisfaction,  any  thing  that  can  help 
us  to  approximate  to  a  measure  of  its  degrees.    We  ksfi^ 
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Act,  die  pkasaatnesB  of  any  individaal  concord  in- 
is  the  undulatbns  called  ieote  diminish  in  frequency. 
t>bable  that  we  shall  not  deviate  very  far  from  the 
f  we  suppose  the  haiteoniousness  of  an  individual 
d  concord  to  be  proportional  to  the  slowness  of  these 
ions.  But  it  by  no  means  follows,  that  a  tempered 
I  Hid  are  equally  pleasant,  each  in  its  kind,  when 
It  equally  slow.  There  is  a  difference  in  kind  in  the 
»  of  these  concords :    and  this  must  arise  from  the 

manner  in  which  the  component  pulses  of  each  coo* 
ide  each  other.  We  are  certain  that  this  is  all  the 
De  that  obtains  between  them  in  Nature.  But  the 
ioasness  here  spoken  of  is  the  arrangement  which 
m  this  pleasure.  We  are  entitled  to  say,  that  this  is 
I  two  given  instances,  when  the  arrangements  are 
y  nmilar ;  and  when  the  things  arranged  are  the  same, 
I  seems  to  remain  in  which  die  instances  can  differ. 
oy  rate,  it  is  of  consequence  to  be  able  to  proportion 
tribute  these  undukitions  at  pleasure.  They  are  un- 
t ;  and  when  reinforced  by  uniting,  must  be  more  S3 , 
Bory  puts  it  in  our  power  to  prevent  this  union ;  per- 
r. making  them  very  unequal ;  or,  if  this  should  give 
«  of  periodical  accumulation,  we  may  find  it  better  to 
iiem  all  equal.  Surely  to  have  all  this  in  our  power 
desirable ;  and  this  is  obtained  by  the  theory  of  the 
F  imperfect  consonances. 

But  we  are  forgetting  the  process  of  tuning,  and 
aly  tuned  three  or  four  notes  of  our  octave.  We 
me  the  rest  by  considering  their  relation  to  notes  al* 
uned.  Thus,  if  g*  c  makes  36  beats  in  16  seconds^* 
Hild  make  one  third  less,  or  about  84  in  the  same 
because  N  in  the  formula  is  now  160  instead  of  S40i 

ling  in  this  way,  we  shall  tune  the  octave  C  e  most 
jdhf  as  a  system  of  mean  tones  with  perfect  Illds,  by 
I  the  notes  beat  as  follows.  A  point  is  put  over  the 
at  is  to  be  tuned  from  the  other,  and  a+fOr  (»— » 
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ineans  that  the  ocmcord  U  to  be  leinpered  aliKtp  OT        Thus 
g  is  tuned  from  c. 

Make        eg  beat  —         86  limes  in  16  seeondi 

Gc  +         36 

Gd  —         27,  t.  «.  itli&ofgf 

c/  -^         4« 

c  a  +         60  times  in  16  seoonds 

ce  0,  tL  f.  a  perfect  Hid 

d}v  0 

eg  a  0 

i^/clownward  —  24.  t.  r .  Jths  of  c  gp 

i*  J*  0,  i".  f.  a  perfect  octave 

^c^downward — 43,  i.  c,  ^ths  of  eg' 

CT  0  an  octave. 

Other  processes  may  be  followed,  and  perhaps  some  of 
tliem  better  than  the  process  here  proposed.  Thus,  i^and 
eff  may  be  tuned  as  perfect  Illds  to  d  and  g  downwank 
Also,  as  we  proceed  in  tuning,  we  can  prove  the  notes,  bj 
comparing  them  with  other  notes  already  tuned,  &c  &cfcc. 

We  have  directed  to  tune  the  two  notes  &^  and  e*  by  tak- 
ing the  leading  Vth  downwards.  We  should  have  corneal 
the  same  pipes  m  the  character  of  tm  and  <f^  in  the  prooett 
of  tuning  upwards  by  Vths.  But  this  would  not  have  pro- 
duced precisely  the  same  sounds,  although,  in  our  imperfect 
instruments,  one  key  must  serve  for  cM  and  b^.  By  tuning 
'them  as  here  directed,  they  are  better  fitted  for  the  places 
in  which  they  will  be  most  frequently  employed  in  our  usual 
modulations. 

407.  It  may  reasonably  be  asked.  Why  so  much  is  sacri- 
ficed in  order  to  preserve  the  Illds  perfect  ?  Were  they  al- 
lowed to  retain  some  part  of  the  sharp  temperament  that  b 
necessary  for  preserving  tbeyths  pertiect,  we  should  perhaps 
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«  tbe  luannoiiy.  And  since  enbnrgk^  the  Vdi  makes 
e  greater,  and  tbeWore  the  limma  mi  fa  much  amaller, 
sring  it  nearer  to  the  magnitude  of  a  half  tone ;  and 
U  be  better  suited  for  its  double  service  of  tbe  sharp 
Botebelow,  and  the  flat  of  the  note  aboTe.  According- 
b  a  temperament  is  in  great  repute,  and  indeed  is  ge* 
practised,  although  the  Vlths  and  the  subordinate 
of  foil  harmony  are  evidently  hurt  by  it  Even  Dr. 
recommends  it  as  well  suited  to  our  defective  instru- 
and  gives  an  extremely  easy  method  oS  executing  it 
DB  ci  the  beats.  His  method  is  to  make  the  Vth  and 
eat  equally  fiist,  along  with  the  key,  the  Vth  flat,  and 
rd  sharp.  He  demonstrates  (on  another  occasion), 
noords  beat  equally  fast  with  the  same  bass  when  their 
nments  are  inversely  as  the  major  terms  of  their  per- 
tioa.  Therefore  draw  EG,  and  divide  it  in  p,  so  that 
lajbe  top  GasStoS.  Then  draw  C  p,  cutting 
g't  and  EK  in  ef ;  and  this  temperer  will  produce  tfa« 
aamantwewant  It  wiQ  befound,  that  Ee' and  Gg^ 
Ji  of  them  38  of  their  respective  scales* 
mBare  make  eg  beat  S3  times  in  16  seconds 


Ge 

32 

Qd 

24 

Gb 

24^  and  tone  b'i 

da 

36,  and  tune  a  a 

ifn 

S6 

at 

27 

aen 

27 

eT 

40f,  Tpronag  bb 

egn 

mi 

Ve 

21  j,  and  tune  P/ 

Fa 

21  J,  proving  a 

*»/ 

38  h  and  tune  b^  fi 

<&&» 

38* 

u  •    .  ■    - 
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It  may  jbe  proper  to  add  to  all  these  isntmcdoiNaotiite 
about  tlie  manner  of  counting  the  clock  while  the  tuner  a 
counting  the  beats.  If  this  is  to  oootinue  for  16  seeoodii 
let  the  person  who  counts  the  clock  say  one  at  the  best  he 
begins  witli,  and  then  telling  them  over  to  hmadf,  let  hin 
say  dcme  instead  of  17.  Thus  16  intervals  will  ehqw  while 
the  tuner  is  counting  the  beats.  Were  he  to  begin  tooooat 
at  one,  and  stop  when  he  hears  sixteen,  he  would  get  the 
number  of  beats  in  15  seconds  only. 

408.  We  do  not  hesitate  to  say,  that  this  mediod  of  to- 
ning by  beats  is  incomparably  more  exact  than  by  theaien 
judgment  of  the  ear.  We  cannot  mistake  more  thn  one 
beat.  This  mistake  in  the  concord  of  the  Vth  amomtito 
no  more  than  Tl^th  of  a  comma ;  and  in  the  Illd  it  ii  obIj 

409.  It  may  be  olijected  that  it  is  fit  only  for  the  orgn 
and  instruments  of  continued  sounds,  but  will  notdoiorthe 
quickly  perishing  sounds  of  the  harpsichord.   True,  it  is  the 
only  method  worthy  of  that  noble  instrument,  a^d  thbalooe 
is  a  title  to  liigh  regard.     But  farther ;  the  accuracy  attaiD- 
able  by  it,  renders  it  the  only  method  fit  for  the  exainiiis- 
tion  of  systems  of  temperament.     Even  for  the  harpncboid 
it  is  much  more  exact,  and  more  certain  in  its  process,  than 
any  other.     It  does  not  proceed,  by  a  random  trial  of  a  flat- 
tened series  of  Vths,  and  a  comparison  with  the  resulting 
Illd,  and  a  second  trial,  if  the  first  be  unsatisfactory.    It 
says  at  once,  let  the  Vth  beat  so  many  times  in  16  seconds. 
£ven  in  the  second  method,  without  counting,  and  merely 
by  the  equality  of  the  beats  of  the  Vth  and  IIId«  the  pnh 
gress  is  easy.     Both  are  tuned  perfect.     The  Vth  is  thea 
flattened  a  little,  and  the  Hid  sharpened ; — if  the  Vth  best 
faster  than  the  Hid,  alter  it  first. 

All  difficulty  is  obviated  by  the  simple  contrivance  of  a 
variable  pend^ilum,  already  described.  This  may  be  made 
exact  by  any  person  that  will  take  a  Tittle  pains ;  and  when 
once  made,  will  serve  far  every  trial.    When  the  ball  is  set 
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le  proper  number,  and  the  pendulum  set  a  swinging, 
an  cume  very  near  the  truth  by  a  very  few  trials. 
r.  J?.  In  tuninga  piano  forte,  which  has  always  two  strings 
key,  we  must  never  attempt  tuning  them  both  at  once ; 
back  unison  of  both  notes  of  the  concord  must  be  damp- 
by  sticking  in  a  bit  of  soft  paper  behind  it 
JVe  hope  that  the  instructions  now  given,  and  the  appli- 
cm  of  them  to  two  very  respectable  systems  of  tempera- 
Dt,  are  sufficient  ibr  enabling  the  attentive  reader  to  put 
i  method  of  tuning  successfully  in  pracUce,  and  that  he 
weaves  the  efficiency  of  it  for  attaining  the  desired  end. 
t  before  we  take  leave  of  it,  we  beg  leave  to  mention  an- 
ker circumstance,  which  evinces  the  just  value  of  the  ge- 
cml  theory  of  the  beats  of  imperfect  consonances  as  deliver- 
by  Dr.  Smith. 

410.  These  reinforcements  of  sound,  which  are  called  beai^ 
j$f  are  noises.     If  any  noise  whatever  be  repeated,  with 
Sdetst  frequency^  at  equal  intervals,  it  becomes  a  musical 
te,  pf  a  certain  determinate  pitch.      If  it  recur  60  times 
a  second,  it  becomes  the  note  C^a  tt£,  or  the  double  oc- 
f€  bebw  the  middle  C  of  our  harpsichords,  or  the  note  of 
open  ppe  eight  feet  long.     Now  there  is  a  similar  (we 
Vf  call  it  the  very  same)  reinforcement  of  sound  in  every 
noord.     Where  the  pulse  of  one  sound  of  the  concord  bl- 
Bta  the  pulse  of  the  other,  the  two  sounds  arc  more  uni* 
tnlj  spread :  but  where  they  coincide,  or  almost  coincide, 
e  condensation  of  one  undulation  combines  with  that  of 
e  other,  and  there  comes  on  the  ear  a  stronger  condensa- 
m,  and  a  louder  sound.   This  may  be  called  a  noise ;  and 
c  equable  and  frequent  recurrence  of  this  noise  should  pn>- 
lee  a  musical  note.     If,  for  instance,  c  and  a  are  sounded 
gether :  There  is  this  noise  at  every  third  pulse  of  c,  and 
«iy  fifth  pulse  of  a ;  that  is,  80  times  in  a  second.     This 
MHild  produce  a  note  which  is  a  12th  below  e,  and  a  17th 
qor  below  a  ;  that  is,  the  double  octave  below y,  which 
akca  380  vibrations  in  a  second.      That  is  to  say,  along 
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ivith  the  two  notes  e  and  a  of  the  ooncord,  andtheeomponid 
sound,  which  wo  call  the  concord  of  the  Vltk^  we  should  kv 
a  third  note  FF  in  the  bass.      Now  this  is  known  Id  bet 
fact,  and  it  is  the  grave  harmonic  observed  by  Bonuea  ind 
Tartini  about  the  year  1754,  and  verified  by  all  mufldaM 
since  that  time.      Tartini  prized  this  observation  as  a  ml 
important  discovery,  and  considered  it  as  affording  a  fioos- 
dation  for  the  whole  science  of  music     We  see  that  it  iiiU 
included  in  the  theory  of  beats  published  five  yean  beftfe^ 
namely,  in  1749;  and  every  one  of  these  grave  harmoniBt 
or  Tartinian  sounds,  as  they  have  been  called,  are  Ima^ 
diate  consequences  of  this  theory,      The  system  of  1mu> 
moiiious  composition  which  Tartini  has,  with  wondofiil  k< 
hour  and  address,  founded  on  it,  has  therefore  ■osoliditjr. 
It  is,  however,  preferable  to  llameau\  because  itprafleedi 
on  a  fact  founded  on  the  nature  of  musical  sounds;  wfacMU 
Rameau's  is  a  mere  whim,  proceeding  on  a  false  amnp- 
don ;  namely,  *^  that  a  musical  sound  is  essentially  aofiOBF 
panied  by  its  octave,  12th,  and  17th  tji  altor    Thisisaot 
true,  though  such  accompaniment  be  very  frequent,  and  k 
be  very  difficult  to  pre\'ent  it.     Mr.  Rameau  ought  to  hnt 
seen  this.   Are  these  acute  harmonics  musical  sounds  or  aotf 
He  surely  will  not  deny  this.     Therefore  they,  too,  ait  o- 
sentially  accompanied  by  their  harmonics,  and  this  absolute- 
ly and  necessarily  ad  infinitum ;  which  is  certainly  absnri 
We  shall  have  a  better  occasion  for  considering  this  pant 
when  we  describe  the  TRvurmT  Marigni. 

41 1.  We  have  taken  notice  of  only  two  systems  of  tenlp^ 
rament ;  both  of  them  are  systems  of  mean  tones,  and  aie 
in  good  repute  as  practicable  methods.  It  would  be  almost 
an  endless  task  to  mention  all  the  systems  of  temperament 
which  have  been  proposed.  Dr.  Smith,  after  having,  with 
great  ingenuity,  appreciated  the  changes  of  harmoniousaess 
that  are  indiia>d  on  ihc  different  concords  by  the  same  tem- 
perament, and  liaving  assigned  that  proportion  of  tempen- 
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rhicfa  renders  them  equally  harmonioiM,  each  in  its 
fives  a  system  of  temperament  which  he  calls  equal 
^3iY.  Each  concord,  (excepting  the  octave)  is  temper- 
lie  inverse  proportion  of  the  product  of  the  terms  of 
ect  ratia  It  is  very  nearly  equivalent  to  a  division 
octave  into  50  equal  parts.  We  do  not  give  any  far- 
count  of  it  here,  although  we  think  its  harmony  pre- 
to  any  thing  that  we  have  ever  heard.  We  heard  it, 
luted  fer  him,  and  under  his  inspection,  by  the  cele- 
karpsichord-malcer  Kirkmami,  both  when  the  instni- 
nas  yet  in  the  hands  of  the  maker,  and  afterwards  by 
cnious  author.  We  have  also  heard  some  excellent 
MM  declare,  that  the  organ  of  Trinity  college  chapel 
bridge  was  greatly  improved  in  its  harmony  by  the 
!  made  on  its  temperament  under  the  inspection  of 
nth.  When  we  name  Stanley,  we  presume  that  the 
ity  will  Hot  be  disputed.  We  mention  this,  because 
iter  i»  the  Philosophical  Transactions  speaks  of  tiiis 
,  with  flattened  major  thirds,  as  of  no  value.  But 
■ot  give  any  farther  account  of  it,  because  it  is  not 
to  our  instruments,  which  have  but  twelve  sounds  in 
Bve. 

The  reader  will  phasic  to  recollect,  that  the  great  ob- 
temperament  is  twofold.  First,  to  enable  us  to  tranf?- 
asic  from  one  pitch  to  another,  so  that  we  may  make 
te  of  the  or^an  the  fundamental  of  the  piece.  This 
itedly  requires  a  system  approaching  to  one  of  mean 
because  the  harmony  must  be  the  same  in  every  key. 
Niuires  temperament,  brcause  a  sound  must  be  occa- 
f  considered,  either  as  the  sharp  of  the  note  below  it, 
flat  of  the  one  above.  This  cannot  produce  perfect 
ly,  because  the  limma  of  the  perfect  diatonic  scale  is 
'  than  a  half  tone.  Thus  a  temperament  is  necessary 
for  the  sake  of  the  melody.  But,  secondly^  the  nature 
em  music  requires  every  note  to  be  accompanied,  or 
ired  aa  accompanied^  with  full  harmony. .  This  is,  in 
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fiKty  the  flame  thing  tnth  modulattng  on  every  different  note 
as  a  fundamental ;  but  it  requires  a  much  closer  attention 
to  the  perfection  of  the  intervals,  because  a  defect  or  excess 
in  an  interval  that  would  scarcely  offend  the  ear,  if  die  notes 
were  heard  in  succession,  is  quite  intolerable  when  they  are 
sounded  together.  Here  the  difference  between  the  major 
and  minor  tone  is  of  almost  as  great  moment  as  the  differ- 
ence  of  the  limma  from  a  semitone.  The  second  object,  there- 
fiire,  is  to  obtain,  in  the  compass  of  three  octaves,  as  many 
good  concords  of  full  harmony ;  that  is,  consisting  of  a  fun- 
damental with  its  major  third  and  its  fifth,  erect  or  inverted, 
«s  posuble.  There  is  no  other  harmony,  although  our  notes 
have  frequently  a  different  situation  and  ajqpearance. 

413.  It  is  no  wonder  that,  in  a  subject  where  we  are  yet 
to  seek  for  a  principle,  the  attempts  to  attain  this  object  have 
been  very  various,  and  very  gratuitous.  The  mathemati- 
cians, even  in  modem  times,  have  allowed  themselves  to  be 
led  away  by  fancies  about  the  simplicity  and  consequent  per- 
fection of  ratios ;  and  having  no  dear  principle,  it  is  no  won- 
der that  some  of  their  deductions  are  contrary  to  experience. 
According  to  Euler,  those  ratios  which  are  most  perfect, 
that  is,  most  simple,  admit  of  least  temperament.  The  oc- 
tave is  therefore  infinitely  perfect;  for  it  is  aUowed  by  all^ 
that  it  must  not  have  the  smallest  temperament  A  Vtb 
must  be  less  tempered  than  a  Hid.  Even  the  practical  mu- 
sician thinks  that  he  has  tempered  these  two  concords  equal- 
ly, when  the  offensive  quality  of  each  is  made  equally  so ; 
but  in  this  case  it  is  demonstrable,  that  the  Vth  has  been 
much  more  tempered  than  the  Hid.  But  tills  could  not  be 
discovered  till  we  got  the  theory  of  beats. 

Most  of  the  mathematical  musicians  adhered  to  systems 
cf  mean  tones ;  or,  which  are  equivalent  to  such  systems, 
gving  similar  harmonies  on  every  key  of  the  harpsichord. 
This  is  surely  the  most  natural,  and  is  peculiarly  suggest- 
ed by  the  transpo^ng  of  music  from  ope  pitch  to  another : 
but  they  differ  exceedingly,  and  without  giving  any  convin- 
cing arguments  in  their  estimation  of  the  effects  of  the  sam^ 
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iMpenunent  on  different  concords.  Much  of  this,  we  ap- 
ibndy  arises  from  disposition.  Persons  of  a  gay  disjposit 
m  idiah  the  harmony  of  the  Hid,  and  prefer  a  sharp  to  a 
^.temperament  of  this  concord.  Persons  of  a  more  pen- 
m  diaposition,  prefer  such  temperaments  as  allow  the  mi- 
r  thiida  to  be  more  perfect. 

414.  But  there  are  many,  eminent  both  as  performers  and 
tbeoriata,  who  reject  any  system  wliich  gives  the  same 
nMNUCt  on  every  note  of  the  octave.     They  observe,  that 
the  pvogreta  of  the  cultivation  of  music  in  Europe,  the 
dcdkaof  all  nations  have  gradually  approached  to  a  cer- 
B'amfimnity.      Certain  cadences,  closes,  strains,  and 
umaei^  are  becoming  every  day  more  common ;  and  even 
-the  eooduct  of  a  considerable  piece  of  music,  and  the  gra- 
ud  but  slow  passage  of  the  modulation  from  one  k^  inte 
lother,  thae  is  a  certain  regularity.     Nay,  they  add,  that 
lis  cannot  be  greatly  deviated  from  without  becoming  very 
SBnamk   We  may  remain  ignorant  of  the  cause  of  this  uni- 
nnity ;  but  its  existence  seems  to  prove  that  it  arises  from 
ne  natural  principle ;  and  therefore  it  ought  to  be  compli- 
1  widi,  and  our  temperaments  should  be  accommodated  to 
The  result  of  this  uniformity  in  the  music  of  our  times 
I  that  the  modulation  on  some  keys  is  much  less  frequent 
lan  on  others,  and  this  frequency  decreases  in  a  certain  or- 
er.     Suppo^ng  that  wc  begin  on  C.     A  piece  of  plain 
mnc  aeldom  goes  farther  than  G  and  F.     A  little  more 
UMj  and  refinement  leads  the  composer  into  D,  or  into  B*, 
ac:  fcc     It  would  therefore  be  desirable  to  adjust  our  tem- 
enments  so,  that  the  harmonies  in  C  shall  be  the  best  possi- 
le^  and  gradually  less  perfect  in  the  order  of  modulation, 
rhus  we  shall,  in  our  general  practice,  have  finer  harmony 
ban  if  it  were  made  equal  throughout  the  octave ;  because 
be  unavoidable  imperfections  are  thrown  into  the  least  fre- 
iiented  places  of  the  scale.     The  practical  musicians  add 
I  this,  that  by  such  a  temperament  the  different  keys  ac- 
aire  characters,  which  fit  each  of  them  more  particularly 


tor  the  exprcsttion  of  different  scnliments,  and  for  cidtiag 
diiferetit  emotions.  This  is  very  perceptible  hi  our  huj» 
chords  as  they  are  generally  tuned.  The  major  key  of  A 
is  remarkably  brilliant ;  that  of  F  is  as  remarkably  mi|ik^ 

We  cannot  say  that  we  arc  altogether  cooTinced  by  time 
arguments.  The  violin  is  unquestionably  the  instmiuiit 
of  the  greatest  powers.  A  concert  of  inatrumenls  of  tiiii 
kind,  unembarrassed  by  the  harpsichord,  or  any  iuM- 
ments  incapable  of  occasional  temperamient,  ii  the  fineit 
music  we  have.  The  perfbrmers  make  no  such  degnds' 
tions  of  harmony,  but  keep  it  as  perfect  as  possiMe  tknNigii- 
out ;  and  a  violin  performer  u  sen&ble  of  vioicnee  of  eoo- 
stniint  when  he  accompanies  a  keyed  iustniment  iito  these 
unfrequented  paths.  Let  him  play  the  o^me  mmic  akme^ 
and  he  will  play  it  quite  differently,  and  much  more  to  hii 
own  satisfaction.  We  imagine, -too,  that  noucb  of  the  imi- 
formity  spoken  of  is  the  result  of  imitation  and  fiisittOB,  aad 
even  of  the  temperaments  that  we  have  preferred.  There 
is  an  evident  distinction  in  the  native  music  of  different  nt* 
tions.  An  experienced  musician  will  know,  from  a  few  bars 
whether  an  air  is  Irish,  Scotch,  or  Polish.  This  distioctioD 
is  in  the  modulation  ,  which,  in  those  nations,  follows  differ- 
ent courses,  and  should  therefore,  on  the  same  priocqiiei 
load  to  (HiFerent  temperaments. 

W*ith  respect  to  the  variety  of  characters  given  to  the  dif- 
t'ercnt  keys,  we  must  acknowledge  the  fact.  We  have  ton- 
eil  a  piano  forte  in  the  usual  manner ;  but  instead  of  begio- 
ning  the  process  with  C,  wel>eganil  with  D.  AnexcellenC 
pcrtornier  of  vohintaries  sat  down  to  the  instrument,  sod 
began  to  indulge  his  rich  fancy  ;  but  he  was  confounded  it 
every  step :  he  thought  tlie  instrument  quite  out  of  tune. 
But  when  he  was  informed  how  it  had  been  tuned,  and  then 
tried  a  known  plain  air  on  it,  he  declared  it  to  be  perlectlj 
in  tune.  It  is  still  very  doubtful,  however,  whether  we 
should  not  have  much  finer  music,  by  equaliaog  the  ImT' 
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y  in  the  diftrent  keys,  and  trustinjo^  for  the  different  ex- 
■on  ao  miich  spoken  of  to  a  judicious  mixture  of  other 
9  called  dtfconb. 

1&  After  all,  the  great  uncertainty  about  the  most  pro- 
temperament  has  remained  so  long  undetermined,  be- 
le  we  had  no  method  of  executing  with  certainty  any 
peimment  that  was  oflRered  to  the  public.     What  signi* 
it  OB  what  principle  it  may  be  proper  to  flatten  a  Vth 
Mh  o£  a  oommat  and  sharpen  a  Vlth  one-seventh  of 
mna,  unless  we  are  able  to  do  both  the  one  and  the 
w#  Tai  Dr.  Smith  published  the  theory  of  beats,  the 
loeliord  was  the  only  assistance  we  had :  but  however 
iy  k  may  be  divided,  it  is  scarcely  possible  to  make  the 
redhift  bridge  so  steady  and  so  accurate  in  its  motion, 
:  it  will  not  sensibly  derange  the  tension  of  the  string, 
nm  some  very  nice  and  cosdy  monochords  v  but 
of  tfiem  could  be  depended  on  to  on&«ight  of  a  com- 
Even  if  perfect,  they  gave  but  momentary  sounds  by 
dnog.    The  bow  cannot  be  trusted,  because  its  pressure 
ngfn  the  tension.      Mr.  WatOs  experiments  with  his 
sochoffd  of  continued  sound  shewed  this  evidently.     A 
db-pipe  with  a  sliding  piston  promises  the  greatest  accu- 
f ;  but  we  are  sadly  disappointed,  because  the  graduation 
tlM  pbton  cannot  be  performcKl  by  any  mathematical 
u     It  must  be  pushed  nK>re  than  half  way  down  to  pro- 
se the  octave,  more  than  one* third  to  produce  the  Vth, 
and  thia  without  any  rule  yet  discovered.     Thanks  to 
Smith  we  can  now  produce  an  instrument  tuned  exactly, 
nrding  to  any  proposed  system,  and  then  submit  it  to  the 
'  examination  of  musicians.     Even  the  speculatist  may 
r  f<Hin  a  pretty  just  opinion  of  the  merits  of  a  system,  by 
dilating,  or  measuring  by  such  scales  as  wc  have  prcqpos- 
the  beats  produced  by  the  tempered  concords  in  all  parts 
Jie  octave.     No  one  who  has  listened  with  attention  to 
nltling  beats  of  a  full  organ,  with  its  twelfth  and  sesqui- 
T  stops  all  soundmg,  will  deny  that  they  are  hostile  te 
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all  harmony  or  good  munc.    We  cannot  be  much  mistabci 
in  preferring  any  tempeimment  in  propoitum  as  it  duoiniilK 
es  the  number  of  those  beats    We  should  therefore  cxiorine 
them  on  this  principle  akme ;  attending  more  particularly 
to  the  beats  of  the  third  major,  becauae  these  are  io  &ot 
the  loudest  and  most  disagreeable ;  and  we  must  not  coo- 
tent  ourselves  with  the  beats  <if  each  oonoord  with  the  iiui- 
damental  of  the  full  harmony,  whether  E-— III— V,  or  I 
— 4— VI,  or  K-*-3 — V,  or  K  .4     8,  which  sametimn oc- 
curs. We  must  attend  equally  to  the  beats  of  the  two  oota 
of  accompaniment  with  each  other :  these  are  geneiillj  the 
most  faulty. 

416.  This  examination  is  ndtber  difficult  mir  tedious.  I. 
Write  down,  in  one  column,  the  lengths  of  the  stringiordifi- 
sions  of  the  monochord.  2.  In  another  write  their  kguithms; 
in  a  third  the  remiunders,  after  subtracting  etth  (ram  the 
logarithm  of  the  fundamental.  3.  Have  at  hand  a  amilv 
table  for  the  perfect  d'uttonic  scale.  4.  Compare  these,  one 
by  one,  and  note  the  difference,  +  or  — ,  in  a  4th  ooliuno. 
These  are  the  temperaments  of  each  note  of  the  scale.  5. 
Compare  every  couple  of  notes  which  will  compose  a  msjor 
or  minor  third,  or  a  fifth,  by  subtracting  the  logarithm  of 
rhe  one  note  from  that  of  the  other.  The  differences  arc 
the  intervals  tempered.  6.  Compare  these  with  the  perfect 
intervals  of  the  diatonic  scale,  and  note  the  differences,  +cf 
— ,  and  set  them  down  in  a  Bf'th  column.  These  are  aO 
the  temperaments  in  the  system.  7.  If  we  have  used  lo- 
garithms consisting  of  five  decimal  places,  which  is  eren 
more  tlian  sudicicnt,  consider  these  numeral  temperaments 
as  the  q  of  the  formula  given  in  §  39^,  for  calculating  the 
beats,  and  then  p  is  always  =  540.  Or  we  may  make  sno* 
ther  column,  in  which  the  temperaments  are  reduced  to  some 
easy  fraction  of  a  comma. 

41 7.  We  shall  content  ourselves  with  giving  one  example^ 
the  temperament  proposed  by  Mr.  Young  in  the  Philoeopbi- 
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ftl  Tranwacfimia  for  1800.     It  is  contained  in  the  following 
able: 


1. 

S. 

3. 

4. 

5. 
lllds  upward  on 

c 

100060 

5.00000 

C                  135' 

at 

94T2S 

4.97645 

2355 

G.   F           11,0 

D 

89304 

4.95087 

4913 

D.  Bb          245 

Kii 

Eb 

838 10|  4.923S0 

7670 

A.  £b          846 

-  » 

E 

79752 

4.90174 

9826 

E.  Ab          448 

• 

P 

749«1 

4.87461 

12539 

B.  C^         494 

vm 

71041 

4.85151 

14849 

Fm               540  J 

a 

66822 

4.82 192 

17508 

3ds  upward  on           | 

Q» 

63148 

4.80036 

19964 

A.  E.          236] 

A       09676 

4.77580 

22420 

D.  B.          291 

B       561SI 

4.74921 

25079 

G.  F»        846 

T 

3       5SS24 

4.72610 

27390 

C.  Cn        448 

• 

C       90000 

4.69897 

30103 

F.  G«        494 

Bb  Eb         540 

Vths  upward  on 

Eb.  G^.  Cn.  F^        perfect  1 

F.    Bb.   E.    B                46  J.  Flat. 

C.    G.    D.    A              116  J 

Interval  of  a  comma            •            .        540 

minor  third         .           .     7918 

major  third            .             969I 

fifth        .            .        .     17609 

The  first  column  of  the  above  table  contains  the  ordinary 

IBHgiuitions  of  the  notes.     The  second  contains  the  corres- 

ondiDg  lengths  of  the  uionochord.     The  third  contains  the 

fpunthms  of  column  second.     The  fourth  contains  the  dif- 

smoe  of  each  logarithm  frpm  the  first     The  next  column 

ODtaiiis»  first,  the  temperaments  of  all  the  major  thirds, 

ftving  for  their  lowest  note  the  sound  corresponding  to  the 

494 
itter.     Thus  494,  or  ^^  of  a  comma,  is  the  temperament 

f  the  Hid,  B  —  Dm,  and  Cn—  F.  Secondly,  it  contains 
P  the  minor  thirds  formed  on  the  notes  represented  by  the 
fStitnu     The  column  below  contains  the  temperaments  of 
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the  Vths.  N.  B.  These  temperaments  «ie  cilcdkitcd  by  thi 
author.  We  have  found  some  of  them  a  little  diffioeDt 
Thus  we  make  the  temperament  of  C  —  6  only  106.  Be- 
low this  we  have  set  down  the  measures  of  the  perfect  inter- 
vals, which  are  to  be  compared  with  the  diSerenoes  of.  die 
logarithms  in  column  third. 

418.  We  presume  not  to  decide  on  the  merits  of  thisteo- 
perament :  Only  we  think  that  the  temperaments  of  seienl 
thirds,  which  occur  very  frequently,  are  much  too  greit; 
and  many  instances  of  the  6th,  which  is  frequent  m  the 
fiat  key,  are  sdll  more  strongly  tempered.  A  temperoneDt 
however,  which  very  nearly  ooinddes  with  Dr.  Youog^lus 
great  reputation  on  the  continent.  This  is  the  lempen- 
ment  by  Mr.  Kimbergher,  published  at  Beriin  in  1771}  in 
his  book  called  Die  Kwmt  des  reinen  Saizca  in  dsrlhA* 
The  eminent  mathematician  Major  Templebofi^  has  nude 
some  important  observations  on  this  temperament,  and  oo 
the  subject  in  general,  in  an  essay  published  in  177Js  Ber* 
lin.     Dr.  Young'*s  is  certainly  preferable. 

The  monochord  is  thus  divided  by  Kimbergher : 


c  = 

1,0000 

F=  7500 

Bb 

=  5625 

en 

9492 

F«  7111 

B 

5313 

D 

8889 

G   6667 

a 

5000 

Eb 

8487 

Gn    6328 

E 

8000 

A   5963 

We  conclude  this  article  (perhaps  too  long)  by  eamestlj 
recommending  to  persons  who  are  not  mathematically  die- 
posed,  the  sliding  scales,  either  circular  or  rectilineal,  con* 
taining  the  octave  divided  into  301  parts;  and  a  drawiog 
of  Plate  VI.  fig.  2.  on  card  paper,  of  proper  size,  having  the 
quarter-comma  about  two  inches,  and  a  series  of  scales  cor- 
responding to  it.  This  will  save  almost  the  whole  of  the 
calculation  that  is  required  for  calculating  the  beats,  and  for 
examining  temperaments  by  this  test  To  readers  of  nK>re 
information,  we  earnestly  recommend  a  careful  perusal  of 
Smithes  Harmonics,  second  edition.    We  acknowledge  > 
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tiaUty  for  this  Work,  having  got  more  information 
lan  from  all  our  patient  study  of  the  most  oelebrat- 
^  of  Ptolemy,  Huygh'ens,  Euler,  &c.  It  is  our 
to  say,  that  we  have  got  more  information  con- 
ie  muttc  of  the  Greeks  from  Dr.  Wallis^s  appen- 
edition  of  Porphyrius^s. Commentary  on  Ptolemy's 
»^  than  from  any  other  wotk. 


TRUMPET. 


Some  Greek  historians  ascribe  the  invention  of  the  trumpet 
to  the  Tyrrhenians ;  but  others,  with  greater  probability,  to 
the  Egyptians ;  from  whom  it  might  have  been  transmitted 
to  the  Israelites.  The  trumpet  was  not  in  use  among  the 
Greeks  at  the  time  of  the  Trojan  war ;  though  it  was  in  com- 
mon  use  in  the  time  of  Homer.  According  to  Potter  (Arch. 
Grac.  vol.  iL  cap.  9.),  before  the  invention  of  trumpets,  the 
first  signals  of  battle  in  primitive  wars  were  lighted  torclies ; 
to  these  succeeded  shells  of  fishes,  which  were  sounded  like 
trumpets.  And  when  the  trumpet  became  common  in  mili- 
tary use,  it  may  well  be  imagined  to  have  served  at  first  on- 
ly as  a  rough  and  noisy  signal  of  battle,  like  that  at  present 
in  Abyssinia  and  New  Zealand,  and  perhaps  with  only  one 
found.  But,  even  when  more  notes  were  produced  from  it, 
so  noisy  an  instrument  must  have  been  an  unfit  accompani- 
ment for  the  voice  and  poetry ;  so  that  it  is  probable  the 
trumpet  was  tlie  first  solo  instrument  in  use  among  the  an-» 
cients. 
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The  Articulate  Tbumpet^  comprehending  both  the  speak- 
n^  and  the  hearing  trumpet,  is  by  much  the  most  valuable 
imtrument,  and  has,  in  one  of  its  forms,  been  used  by  people 
mmoiig  whom  we  should  hardly  have  expected  to  find  such 
improvements. 

That  the  speaking  trumpety  of  which  the  object  is  to  in- 
crease the  force  of  articulate  sounds,  should  have  been  known 
to  the  ancient  Greeks,  can  excite  no  wonder ;  and  therefore 
vre  easily  admit  the  accounts  which  we  read  of  the  horn  or 
trumpet,  with  which  Alexander  addressed  his  army,  as  well 
as  of  the  whispering  caverns  of  the  Syracusan  tyrant.  But 
that  the  natives  of  Peru  were  acquainted  with  this  instru- 
ment, wil  probably  surprise  many  of  our  readers.  The  fact 
however  seems  incontrovertible. 

In  the  History  of  the  Order  of  Jesuits,  published  at 
Nafdetin  1601  by  Beritaria,  it  is  said,  that  in  the  year  1595, 
a  small  convent  of  that  order  in  Peru,  situated  in  a  remote 
corner,  was  in  danger  of  immediate  destruction  by  famine. 
Oneevennig  the  superior  Father  Samaniac,  implored  the 
hdpdf  the  cacique;  next  morning,  on  opening  the  gate  of 
thie  monastery,  he  found  it  surrounded  by  a  number  of 
women,  each  of  whom  carried  a  small  basket  of  provisions. 
He  returned  thanks  to  Heaven  for  having  miraculously  in- 
terposed, by  inspiring  the  good  people  with  pity  for  the  dis- 
tress of  his  friars.  But  when  he  expressed  to  them  his  won- 
der how  they  came  all  to  be  moved  as  if  by  mutual  agree- 
ment with  these  benevolent  sentiments,  they  told  him  it  was 
no  such  thing ;  that  they  looked  on  him  and  his  country- 
men as  a  pack  of  infernal  magicians,  who  by  their  sorce- 
lies  had  ensUived  the  country,  and  had  bewitched  their  good 
cacique,  who  hitherto  had  treated  them  with  kindness  and 
attention,  as  became  a  true  worshipper  of  the  sun  ;  but  that 
the  preceding  evening  at  sunset,  he  had  ordered  the  inhabi- 
tants of  such  and  such  villages,  about  six  miles  off,  to  come 
that  morning  with  provisions  to  this  nest  of  winards. 
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The  superior  asked  them  in  what  manner  the  governor 
had  warned  so  many  of  them  in  so  short  a  time,  at  such  a 
distance  from  his  own  residence  ?  They  told  him  that  it  was 
by  the  trumpet :  and  that  every  person  heard  at  bis  own 
,door  the  distinct  terms  of  the  order.  The  father  had  heard 
Qothing ;  but  they  told  him  that  none  heard  the  trumpet 
but  the  inhabitants  of  villages  to  which  it  was  directed.  This 
is  a  piece  of  very  curious  information  ;  but,  after  allowing 
a  good  deal  to  the  exaggeration  of  the  reverend  Jesuits,  it 
cannot,  we  think,  be  doubted,  but  that  the  Peruvians  ac> 
tually  possessed  this  stentorophonic  ^t.  For  we  may  ob« 
serve  that  the  effect  described  in  this  narration  resembles 
what  we  now  know  to  be  the  effects  of  speaking  trumpets, 
vriiile  it  is  unlike  what  the  inventor  of  such  a  tale  would  na^ 
turally  and  ignorantly  say.  Till  speaking  trumpets  were 
really  known,  we  should  expect  the  sound  to  be  equaUy 
diffused  on  all  udes,  which  is  not  the  case ;  for  it  is  much 
stronger  in  the  line  of  the  trumpet  than  in  any  direction 
very  oblique  to  it 

About  the  middle  of  the  last  century,  Athanaaus  Kircher 
turned  his  attention  to  the  philosophy  of  sound,  and  in  di£- 
fiM^nt  works  threw  out  many  useful  and  scientific  hints  oa 
the  construction  of  speaking  trumpets,  but  hb  mathema- 
tical illustrations  were  so  vague,  and  his  own  character  of  in- 
attenUon  and  credulity  so  notorious,  that  for  some  time  these 
works  did  not  attract  the  notice  to  which  they  were  well  en- 
titled. 

About  the  year  1670  Sir  Samuel  Morland,  a  gentleman 
of  great  ingenuity,  science,  and  order,  took  up  the  subject, 
and  proposed  as  a  question  to  the  Royal  Society  of  London, 
What  is  the  best  form  for  a  speaking  trumpet  ?  ^vhich  he 
called  a  stentorphonic  horn.  He  accompanied  his  demand 
with  an  account  of  his  own  notions  on  the  subject  (which 
he  acknowledged  to  be  very  vague  and  conjectural),  and  an 
exhibition  of  some  instruments  constructed  according  to  his 
views.    They  were  in  general  very  large  conical  tubes,  sud- 
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denly  spreading  at  the  very  mouth  to  a  greater  width.  Their 
iras  really  wonderful.  They  were  tried  in  St  Jameses 
;  and  bis  Majesty  K.  Charles  II.  speaking  in  his  ordi* 
colloquial  pitch  of  voice  through  a  trumpet  only  5^ 
loog^  was  elearly  and  most  distinctly  heard  at  the  dis- 
of  a  thousand  yards.     Another  person,  selected  we 
for  the  loudness  and  distinctness  of  his  voice,  was 
ytifostljl  understood  at  the  distance  of  four  miles  and  a  half. 
H»ftnie  of  this  soon  spread;  Sir  Sami:^  Morland*s  prin- 
!  refined,  considering  the  novelty  of  the  thing,  and 
ooonderably  from  Father  Kircher^s.  The  aerial  undu- 
(for  be  qpeakfi  veiy  accurately  concerning  the  nature 
«f  aoimd)  endeavour  to  diffuse  themselves. in  spheres,  but 
mm  stopped  by  the  tube,  and  therefore  redundulate  towards 
tha  aaii  fike  waves  from  a  bank,  and,  meeting  in  the  axis, 
ibfj  ftm  •  strong  undulation  a  little  farther  advanced  along 
the  triM^  vhich  agidn  spreads,  is  again  reflected,  and  so  on, 
tin  k  anivas  at  the  mouth  of  the  tube  greatly  magnified, 
and  then  it  is  diffused  through  the  open  air  in  the  same  man- 
r^  aaif  all  proceeded  from  a  very  sonorous  point  in  the 
of  the  wide  end  of  the  trumpet    The  author  distin* 
with  great  judgment  between  the  prodigious  rein* 
It  of  sound  in  a  speaking  trumpet  and  that  in  the 
trumpet,  bugle-bom,  conch  shell,  &c ;  and  shows 
thai  tiie  difference  conusts  only  in  the  violence  of  the  first 
sonorous  agitation,  which  can  be  produc^ed  by  us  only  on  a 
very  small  extent  of  surface.     The  mouth-piece  diameter 
flistefiMfe  of  the  musical  trumpet  must  be  very  small,  and 
Ihe  foroe  of  blast  very  considerable.    Thus  one  strong  but 
■mpk  undulation  will  be  excited,  which  must  be  suligected 
to  the  modifications  of  harmony,  and  will  be  augmented  by 
m  conici^  tube*.    But  a  speaking  trumpet  must  make 


*  Acoofdingly  Um  fooiid  of  the  bagle-horo,  of  the  mutieal  trumpet,  or  the 
fmeh  bom,  it  prodigioatly  load,  when  we  consider  the  s.-nmll  puvage  through 
eWA  a  Moderate  bUit  it  tent  by  the  trumpeter. 
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no  change  on  the  nature  of  the  first  undulations ;  and  each 
point  of  the  mouth-piece  must  be  equally  considered  as  the 
centre  of  sonorous  undulations,  all  of  which  must  be  rein- 
forced in  the  same  degree,  otherwise  all  distinctness  of  arti- 
culation will  be  lost  The  mouth-piece  must  therefore  take 
ID  the  whole  of  the  mouth  of  the  speaker. 

When  Sir  Samuel  Morland'^s  trumpet  came  to  be  general, 
ly  known  on  the  continent,  it  was  soon  discovered  that  the 
qpeaker  could  be  heard  at  a  great  distance  only  in  the  line 
Ofihe  trumpet;  and  this  curcumstance  was  by  a  Mr.  Casse- 
grain  (Joum.  dts  Sgavans  1678,  p«  131.)  attributed  to  a  de- 
fect in  the  principle  of  its  construction,  which  he  said  was 
not  according  to  the  laws  of  sonorous  undulations.  He  pro- 
posed a  conoid  formed  by  the  revolution  of  a  hyperbola 
round  its  assymptote  as  the  best  form.  A  Mr.  Hase  of 
Wirtemberg,  on  the  other  hand,  proposed  a  parabolic  co- 
noid, having  the  mouth  of  the  speaker  placed  in  the  focus* 
In  this  construction  he  plainly  went  on  the  principle  of  a 
reflection  similar  to  that  of  the  rays  of  light ;  but  this  is  by 
no  means  the  case.  The  effect  of  the  parabola  will  be  to 
give  one  reflection,  and  in  this  all  the  circular  undulations 
will  be  converted  into  plane  waves,  which  are  at  right  angles 
to  the  axis  of  the  trumpet  But  nothing  hinders  their  sub- 
sequent diffusion ;  for  it  does  not  appear  that  the  sound  will 
be  enforced,  because  the  agitation  of  the  particles  on  each 
wave  is  not  augmented. 

The  subject  is  exceedingly  difficult.  We  do  not  fully 
comprehend  on  what  circumstance  the  affection  or  agitation 
of  our  organ,  or  simply  of  the  membrana  tympani,  depends. 
A  more  violent  agitation  of  the  same  air,  that  is,  a  wider  os- 
cillation of  its  particles,  cannot  fail  to  increase  the  impulse 
on  this  membrane.  The  point  therefore  is  to  find  what  con- 
course of  feeble  undulations  will  produce  or  be  equivalent 
to  a  great  one.  The  reasonings  of  all  these  restorers  of  the 
speaking  trumpet  are  almost  equally  specious,  and  each  points 
out  some  phenomenon  which  should  characterise  the  princi- 
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xmstructioD,  and  thus  enable  us  to  say  which  is  most 
>le  to  the  procedure  of  nature* — ^Yet  there  is  hardly 
Terence  in  the  perTormance  of  trumpets  of  equal  di- 
ss made  after  these  different  methods, 
prc^pagation  of  light  and  that  of  elastic  undulations 
\  Vcquire  very  different  methods  of  roanagcmeht.  Yet 
inary  phenomena  of  echoes  are  perfectly  explicabte  by 
lowkdged  laws  eitherof  optics  or  Acoustics;  still  how- 
efe  are  some  phenomena  of  sound  which  are  very  un- 
\  genuine  results  of  dastic  undulations.  If  sounds  are 
itod  spherically,  then  what  comes  into  a  room  by  a 
ibie  shoald  diffuse  itself  from  that  hole  as  round  ti 
wbA  it  shtodld  be  heard  equally  well  at  twelve  feet  dis- 
ram  the  hole  in  eVery  direction.  Yet  it  is  visry  sen- 
atfAer  when  the'  hearer  is  in  the  strsught  line  drawn 
He  MiOTous  body  through  the  hole.  A  person  can 
if  the  direction  of  the  sounding  body  with  tolerable 
M;  Cannot!  discharged  from  the  different  sides  of  a 
e  ireiy  easily  distinguished,  whidh  should  not  be  the 
'  the  Newtonian  theory  ;  fo^  in  this  the  two  pulses  on 

flbould  have  no  sensible  difference. 
most  important  fact  for  our  purpose  is  this :  An  echo 
small  plane  surface  in  the  midst  of  an  open  field  is 
urd,  unless  we  stand  in  such  a  situation  that  the  angle 
iCted  souud  may  be  equal  to  that  of  incidence.  But 
usual  theory  of  undulations,  this  small  surface  should 
^  the  centre  of  a  new  undulation,  which  should  spread 
lirections.      If  we  mtke  an  analogous  experiment  on 

undulations,  by  placing  a  small  flat  surface  so  as  to 

a  little  above  the  water,  and  then  drop  in  a  small  peb- 
a  distance,  so  as  to  raise  one  circular  wave,  we  shall 
s,  that  when  this  wave  arrives  at  the  projecting  plane, 
sturbed  by  it,  and  this  disturbance  spreads  from  it 

sides.  It  is  indeed  sensibly  stronger  in  that  line 
is  drawn  from  it  at  equal  angles  with  the  line  drann 

place  where  the  pebble  was  dropped.     But  in  the 
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case  of  sound,  it  is  a  fact,  that  if  we  go  to  a  Teiy  mall  dis* 
tance  on  either  side  of  the  line  of  reflection,  we  shall  hev 
nothing. 

Here  then  is  a  fact,  that  whatever  may  be  the  natmesf 
the  elastic  undulations,  sounds  are  reflected  fianaiaiD 
plane  in  the  same  manner  as  light  We  may  avtti  om^ 
selves  of  this  fact  as  a  mean  for  enforcing  aoundy  tboagli  n 
cannot  explain  it  in  a  satisfactory  manner.  We  ahottU  o^ 
pect  from  it  an  effect  umilar  to  the  hearing  of  the  origJBil 
sound,  along  with  another  original  sound  coming  ham  dii 
place  from  which  this  reflected  sound  diverges.  If  tbcnfiie 
the  reflected  sound  or  echo  arrives  at  the  ear  in  die  mm 
instant  with  the  original  sound,  the  effect  will  bedooUid; 
or  at  least  it  will  be  the  same  with  twosimultaiieoiisflDpBal 
sounds.  Now  we  know  that  this  itf  in  some  aenae  mjin' 
lent  to  a  stronger  sound.  For  it  is  a  fact,  that  a  Dunbtf  flf 
vdices  uttering  the  same  or  equal  sounds  are  heaid  at  a 
much  greater  distance  than  a  single  vcnoe.  We  cannot  pe^ 
baps  explun  how  this  happens  by  mechanical  laws,  norsi- 
«gn  the  exact  proportion  in  which  10  voices  exceed  diset 
feet  of  one  voice  ;  nor  the  proportion  of  the  dittfiyH^  it 
which  they  seem  equally  loud.  We  may,  therefore,  for  the 
present,  suppose  that  two  equal  voices  at  the  same  distiDce 
are  twice  as  loud,  three  voices  three  times  as  loud,  te 
Therefore  if,  by  means  of  a  speaking  trumpet,  we  can  mib 
10  equal  echoes  arrive  at  the  ear  at  the  same  momenti  n 
may  suppose  its  effect  to  be  to  increase  the  audibility  10 
times ;  and  we  may  express  this  shortly,  by  calling  the 
sound  10  times  louder  or  more  intense. 

But  we  cannot  do  this  precisely.  We  cannot  hj  snj 
contrivance  make  the  sound  of  a  momentary  snap,  and  tboie 
of  its  echoes,  arrive  at  the  ear  in  the  same  moment,  beciusc 
they  come  from  different  distances.  But  if  the  origiDsl 
noise  be  a  continued  sound,  a  nuin'^s  vcnce,  for  example^  ut^ 
taring  a  continued  uniform  tone,  the  first  echo  may  reK^ 
the  ear  at  the  same  moment  with  the  aeoond  ribratioo  (^ 
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lie  kurynx ;  the  second  echo  along  with  the  third  vibration, 
lad  so  on.  It  is  evident  that  this  will  produce  the  same  ef- 
fect. The  only  difference  will  be,  that  the  articulations  of 
the  Yoice  will  be  made  indistinct,  if  the  echoes  come  from 
very  different  distances.  Thus  if  a  man  pronounce  the  syl- 
lable taw,  and  the  10  successive  echoes  are  made  from  places 
which  ore  10  feet  £uther  off,  the  10th  part  of  a  second  (near- 
ly) inll  intervene  between  hearing  the  first  and  the  last. 
ThU  will  give  it  the  sound  of  the  syllable  thaw^  or  perhaps 

7p  bedhise  r  is  the  repetition  of  t.    Something  like  this 
rhen,  standing  at  one  end  of  a  long  line  of  soldiers, 
the  muskets  of  the  whole  line  discharged  in  one  in- 
itat.    It  leems  to  us  the  sound  of  a  running-fire. 

The  aim  therefore  in  the  construction  of  a  speaking  trum- 
pet may  be,  to  cause  as  many  echoes  as  posnble  to  reach  a 
diatept  ear  without  any  perceptible  interval  of  time.  This 
will  give  distinctness,  and  something  equivalent  to  loudness. 
Aev  loudness  arises  from  the  violence  of  the  single  aerial 
\iadnlitfii?n  To  increase  this  may  be  the  aim  in  the  con- 
itnioCioii  of  a  trumpet ;  but  we  are  not  sufficiently  acquaint- 
ed with  the  mechanism  of  these  undulations  to  bring  this 
ekmt  irith  certainty  and  precision ;  whereas  we  can  procure 
this  accumulation  of  echoes  without  much  trouble,  since  we 
know  that  echoes  are,  in  fact,  reflected  like  light.  We  can 
Sana  a  trumpet  so  that  many  of  these  lines  of  reflected  sound 
shall  pass  through  the  place  of  the  hearer.  We  are  indebt- 
ed to  Mr.  Lambert  of  Berlin  for  this  simple  and  popular 
view  of  the  subject ;  and  shall  here  ^ve  an  abstract  of  his 
most  ingenious  Dissertation  on  Acoustic  Instruments^  pub- 
lished in  the  Berlin  Memoirs  for  1763. 

Sound  naturally  spreads  in  all  directions ;  but  we  know 
that  echoes  or  reflected  sounds  proceed  almost  strictly  in  cer- 
tain limited  directions.  If  therefore  we  contrive  a  trumpet 
in  such  a  way  that  the  lines  of  echo  shall  be  confined  within 
a  certain  space,  it  is  reasonable  to  suppose  that  the  sound 
will  become  more  audible  in  proportion  as  this  difi^sion  is 
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prevented.  Therefore  if  we  can  oblige  a  sound  is^Uch,  in 
the  open  air,  would  have  diffused  itself  over  a  henusj^here^ 
to  keep  within  a  cone  of  120  degrees,  we  should  expect  it  t0 
be  twice  as  audible  within  this  cone,  l^is  will  be  aooosi- 
plished,  by  making  the  reflections  such  that  the  lines  OTIS' 
fleeted  sound  shall  be  confined  within  this  cone.  N.B. 
We  here  suppose  that  nothing  is  lost  in  the  reflection.  Let 
us  examine  the  effect  of  a  cylindrical  trumpet 

Let  the  trumpet  be  a  cylinder  ABED  (Plate  VI.  fig;  1.) 
and  let  C  be  a  sounding  point  in  the  axis;  It  is  evkkot 
that  all  the  sound  in  the  cone  BCE  will  go  forward  without 
any  reflection.  Let  CM  be  any  other  line  of  sound,  idndi 
we  may  for  brevity^s  sake  call  a  Mnorout  orphnUc  Kne.  Bmf 
reflected  in  the  points  M,  N,  O,  P,  it  is  evident  that  it  viD 
at  last  escape  from  the  trumpet  in  a  direction  PQ,  eipuSj 
diverging  from  the  axis  with  the  line  CM.  The  same  moA 
be  true  of  every  other  sonorous  line.  Therefore  the  echoes  iriR 
all  diverge  from  the  mouth  of  the  trumpet  in  the  samemiB- 
ner  as  they  would  have  proceeded  from  C  without  any  trum- 
pet. Even  supposing,  therefore,  that  the  echoes  are  is 
strong  as  the  original  sound,  no  advantage  is  gained  bjsnch 
a  trumpet,  but  that  of  bringing  the  sound  forward  from  C 
to  c.  This  is  quite  trifling  when  the  hearer  is  at  a  distance. 
Yet  we  sec  that  sounds  may  be  heard  at  a  very  great  dis- 
tance, at  the  end  of  long,  narrow,  cylindrical,  or  prisnisti- 
cal  galleries.  It  is  known  that  a  voice  may  be  distinct!/ 
heard  at  the  distance  of  several  hundred  feet  in  the  Roman 
aqueducts,  whose  sides  are  perfectly  straight  and  smooth,  be- 
ing plastered  with  stucco.  The  smooth  surface  of  the  still 
water  greatly  contributes  to  this  effect.  Cylindrical  or  pris- 
matical  trumpets  must  therefore  be  rejected. 

Let  the  trumpet  be  a  cone  BCA  (Plate  VI.  fig.  2.)  of  which 
CN  is  the  axis,  DK  a  line  perpendicular  to  the  axis,  and 
DFHI  the  path  of  a  reflected  sound  in  the  plane  of  the  axis- 
The  last  angle  of  reflection  IH  A  is  equal  to  the  last  angle 
of  incidence  FHC.     The  angle  BFH,  or  its  equal  CFD,  is 
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squal  to  the  angles  FHD  and  FCH ;  that  is,  the  angle  of 
acidence  CFD  exceeds  the  next  angle  of  incidence  FHC, 
bj  the  angle  FCD ;  that  is  by  the  angle  of  the  cone.     In 
B^e  manner,  FDH  exceeds  CFD  by  the  same  angle  FCD. 
TIius  every  succeeding  angle,  cither  of  incidence  or  reficc- 
tiom,  exceeds  the  next  by  the  angle  of  the  cone.     Call  the 
angle  of  the  cone  a,  and  let  b  be  the  first  angle  of  incidence 
PDC.     The  second,  or  DFC,  is  &  —  a.     The  third,  or 
FHC,  18  6  —  8  a,  &c. :  and  the  nth  angle  of  inddence  or  re- 
flection it  &  — •  n  a,  after  n  reflections.    Since  the  angle  dimi- 
niihea  by  equal  quantities  at  each  subsequent  reflection,  it 
ill  plain,  that  whatever  be  the  first  angle  of  incidence,  it  Qiay 
ht  exhausted  by  this  diminution ;  namely,  when  »  times  a 
or  is  equal  to  6.     Therefore  to  know  how  many  re- 
ef a  soundi  whose  first  incidence  has  the  inclination 
h  can  be  made  in  an  infinitely  extended  cone,  whose  angle 
is  Oy  divide  6  by  a ;  the  quotient  will  give  the  number  n  of 
leflectionsi  and  the  remainder,  if  any,  will  be  the  last  angle 
of  incidence  or  reflection  less  than  a.     It  is  very  plain,  that 
when  an  angle  of  reflection  IHA  is  equal  to  or  less  than  the 
angb  BCA  of  the  cone,  the  reflected  line  HI  will  no  more 
meet  with  the  other  side  CB  of  the  cone. 

We  may  here  observe,  that  the  greatest  angle  of  incidence 
it  a  right  angle,  or  90^.  This  sound  would  be  reflected 
back  in  the  same  line,  and  would  be  incident  on  the  oppo- 
site side  in  an  angle  =  90^  —  a,  &c. 

Thus  we  sec  that  a  conical  trumpet  is  well  suited  for  con- 
fining  the  sound :  for  by  prolonging  it  sufficiently,  we  can 
keep  the  lines  of  reflected  sound  wholly  within  the  cone.  And 
when  it  is  npt  carried  to  sucli  a  length  as  to  do  this,  when  it 
idiowsthc  sounding  line  6H,  for  example,  to  escape  without 
ftirther  reflection,  the  divergency  from  the  axis  is  less  than 
the  last  angle  of  reflection  BFH  by  half  the  apgle  BCA  of 
the  cone.  Let  us  see  what  is  the  connection  between  the 
Jength  and  angle  of  ultimate  reflection. 
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We haverin. i— a :  sin.6  =  CD  :  CF,  aiidCF=:CD  X 
sin,  b 
tin  b^^*  ""*  ""•  *  —  * ^  •■  ^  *  — fl  =  CP :  CH,  ud 

^T»     ^n       sin.  6— a  810.6  nni^f 

CH  =  CF  X  .     , — ■-     CDx-:— ==XT-==? 

nn.  i  —  2  a  .    8iii.i— a    suki— Xf 

sin.  & 
=  CDx^„_8^,&c 

Therefore  if  we  suppose  X  to  be  the  length  whidi 

si&A 
OS  n  reflections,  we  shall  have  X  =  CD  X 


nn.  6— »  i 

Hence  we  see  that  the  length  increases  as  the  angfcl— sa 

diminishes ;  but  is  not  infinite,  unless  it  a  is  equal  to  fc   h 

this  case,  the  immediately  preceding  angle  of  reflectioaiiost 

be  d,  because  these  angles  have  the  common  diftiane  a. 

Therefore  the  last  reflected  sound  was  moving  pandld  to  Ae 

opponte  side  of  tlie  cone,  and  cannot  again  meet  it    But 

though  we  cannot  assign  the  length  which  will  give  tkesA 

refiectioui  we  can  give  the  length  which  will  ^ve  the  one 

immediately  preceding,  whose  angle  with  the  ode  of  the 

cone  is  a.     Let  Y  be  this  length.     We  have  Y  =  CD  X 

sin.  b 

^^~^-     This  length  will  allow  every  line  of  sound  to  beie» 

fleeted  as  often,  saving  once,  as  if  the  tube  were  infinitdj 
long.  For  suppose  a  sonorous  line  to  be  traced  backward!) 
as  if  a  sound  entered  the  tube  in  the  direction  i  A,  and  woe 
reflected  in  the  points  A,^  d,  ),  D,  the  angles  will  be  cMi- 
tinually  augmented  by  the  constant  angle  a.  But  this  aug' 
mentation  can  never  go  farther  than  90^  +  i  tu  For  if  it 
reaches  that  value  at  D,  for  instance,  the  reflected  line  DK 
will  be  perpendicular  to  the  axis  CN ;  and  the  angle  ADK 
will  be  equal  to  the  angle  DEB,  and  the  sound  will  onne 
out  again.  This  remark  is  of  importance  on  another  ao- 
tount. 

Now  suppose  the  cone  to  be  cut  off  at  D  by  a  plane  per- 
pendicular to  tlie  axis,  ED  will  be  the  diameter  of  its 
mouth  piece    and  if  we  suppose  a  mouth  completely  occu- 
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fiBg  thk  cifde,  and  every  pomt  of  the  circle  to  be  sono- 
1%  the  idbeted  soiuide  wiQ  proceed  from  it  in  the  same 
m  ligbi  wmM  horn  a  flame  which  completely  occn- 
and  18  reflected  by  die  inside  of  the  cone.  The 
||bFDA  will  have  the  greatest  posnble  nile  «rhen  it  is  a 
jb  aaghi  and  it  never  can  be  greater  than  ADK,  which 
m90  +  fa.  And  since  between  GO""  +  4  o,  and  90  --^ 
1^  Ikme  astM  fidl  scmie  multiple  of  a ;  call  this  multiple  6. 
H^l  if  WJMi  that  every  sound  may  be  reflected  as  often  as 
^•amsg  onoe^  we  must  make  the  length  of  it  X  =? 


^^M 


mPWiriMeetlie  angle  of  the  cone  is  never  made  very  great; 

10  or  12  degrees,  b^  can  never  differ  from 

or  two^  and  its  sine  cannot  diflbr  mudi 

''•^  CD 

,^  Tkerefim  X  will  be  very  nearly  equal  to  g-^t 

lA*  hjAll  ▼«7  nearly  equal  to-g-g-r^;  because  a  is 

lllll^aii  the  mnes  of  small  arches  are  nearly  equal  and 
||MlilfliaaI  to  the  ardies  themselves.  There  is  even  a 
aB'ibOBqiaisation  of  errors  in  this  formula.  For  as  the 
tlfW9&^  19  somewhat  too  large,  which  would  give  X  too 
^  9  By  •  a  is  also  larger  than  the  sine  of  a.  Thus  let 
ItllVz  then  the  nearest  multiple  of  a  is  84  or  96^,  both 
^MKUi  are  as  far  removed  as  possible  from  90^,  and  the 
M  il  as  great  as  posable,  and  is  nearly  r^th  of  the 

fe  ■  ■    ■ 

Sliis  approximation  gives  us  a  very  simple  construction. 
ItCM  be  the  required^  length  of  the  trumpet,  and  draw 
li  perpendicular  to  the  mus  in  O.     It  is  evident  that  S, 

uM  CD 

Tf'^  fcut  X  =  {^'s  i  ^  and  therenire  LM  b  eqoal  to 
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If  therefore  the  cone  be  of  such  a  length,  that  its  diamei 
ter  at  the  mouth  is  equal  to  the  length  of  the  part  cutd( 
every  line  of  sound  will  have  at  least  as  manj  reflections, 
save  one,  as  if  the  cone  were  infinitely  long ;  and  the  kit 
reflected  line  will  eitlicr  be  parallel  to  the  opposite  ode  of 
the  cone,  or  lie  nearer  the  axis  than  this  parallel ;  cook* 
quently  such  a  cone  will  confine  all  the  reflected  sousds 
within  a  cone  whose  angle  is  2  a,  and  will  augment  the  sooBd 
in  tlve  proportion  of  the  spherical  base  of  this  oonetoaoooi- 
plete  hemispherical  surface.  Describe  the  ctrde  DKT  iDond 
C,  and  making  DT  an  arch  of  90^  draw  the  choid  DT. 
Then  since  die  circles  described  with  the  radii  DX,  DT, 
are  equal  to  the  spherical  surfaces  generated  by  the  ie?olu- 
Uon  of  the  arches  DK  and  DKT  round  the  axis  CD,  the 
sound  will  be  condensed  in  the  prv^rUon  of  DE*  toDHC*. 

This  appears  to  be  the  best  general  rule  for  coostniedng 
the  instrument ;  for,  to  procure  another  reflection,  thetnbt 
must  be  prodigiously  lengtliened,  and  we  cannot  soppNC 
that  one  reflection  more  will  add  greatly  to  its  power. 

It  appears,  too,  that  the  length  depends  chiefly  (m  the 
angle  of  the  cone ;  for  the  mouth-piece  may  be  oonsideEed 
as  nearly  a  fixed  quantity.  It  must  be  of  a  size  to  admit  the 
mouth  when  speaking  with  force  and  without  oonstnuDt 
About  an  inch  and  a  half  may  be  fixed  on  for  its  diameter. 
When  therefore  we  propose  to  confine  the  sound  to  a  oooe 
of  twice  the  angle  of  the  trumpet,  the  whole  is  determined 
by  that  angle.      For  since  in  this  case  LM  is  equal  to  CD, 

CD« 
we  have  DK  :  CD  =  LM  (or  CD)  :  CM  and  CM  =  'g^' 

But  2S,ia:  1=DK:  CD, 

and  2S,^c:  1=CD:  CM; 

therefore  4  S,  »  f  a :  1  =  DK  :  CM, 

DK  DK  ,       .  J 

And  ^^^=is;*ia'-S;^''^^^^^y'    ^^ 

since  DK  is  an  inch  and  a  half,  we  get  the  length  in  inchdy 

counted  from  the  apex  of  the  cone  =  g-f^,  or  gg  t  -  Froa 
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DK 
we  murt  cut  off  the  part  CD,  which  is  =  "g"^>  or  very 

DK  3 

ys — •"OF's-c — ,  measured  in  inches,  and  we  must 

3 

s  the  mouth  of  the  same  width  gg  ^ 

a  the  other  hand,  if  tlie  length  of  the  trumpet  is  fixed 
fe  can  determine  the  angle  of  the  cone.     For  let  the 

3 

th  (reckoned  from  C)  be  L ;  we  have  2  S,  >  a  =  ~|7  or 

3  /    3 

fans  let  6  feet  or  78  inches  be  chosen  for  the  length  of 

soDe^we  haveS,a  =  V-jjj-      V-|^»  =  0,14434,= 

8^  17'  for  the  angle  of  the  cone ;  and  the  width  at  the 

3 

tb  it  9Q^''  =  10,4  inches.    This  bdng  taken  from  78, 

!8  61,8  inches  for  the  length  of  the  trumpet 

nd  nnoe  this  trumpet  confines  the  reflected  sounds  to 

DT» 
le  of  16®  34',  we  have  its  magnifying  power  =  Jyf^i* 

DT)«       S,«45<'* 

T5B^=  S  a4oy^-L  =  96  nearly.  It  therefore  condenses 

Ound  about  96  times ;  and  if  the  distribution  were  uni- 

• 

(9  it  would  be  heard  V^  96,  or  nearly  10  times  farther  off. 
Ij^  loudness  of  sounds  is  supposed  to  be  inversely  as 
iquare  of  the  distance  from  the  centre  of  undulation* 
at  before  we  can  pronounce  with  prediuon  on  the  per- 
lance  of  a  speaking  trumpet,  we  must  examine  into  the 
ner  in  which  the  reflected  sounds  are  distributed  over 
qpaoe  in  which  they  are  aU  confined. 
et  BKDA  (Plate  VI.  fig.  3.)  be  the  section  of  a  conical 
ipet  by  a  plane  through  the  axis :  let  C  be  the  vertex  of 
sone,  and  CW  its  axis ;  let  TEV  be  the  section  of  a 

L.  TV.  2  G 
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sphere,  having  its  centre  in  the  vertex  of  the  cone ;  and  let 
P  be  a  sonorous  point  on  the  surface  of  thesphere,  and  Pa 
ft  I  the  path  of  a  line  of  sound  lying  in  the  plane  of  the  lec- 
tion. 

In  the  great  circle  of  the  sphere  take  KQ  =:  KP,  DR 
=  DQ,  and  ES  =  KR.  Draw  QB  A;  also  draw  Qrfapi. 
rallel  to  DA ;  and  draw  PB,  P  d,  PA. 

1.  Then  it  is  evident  that  all  the  lines  drawn  finonP, 
within  the  cone  APB,  proceed  without  reflezton,  and  m 
diffused  as  if  no  trumpet  had  been  used. 

2.  All  the  sonorous  lines  which  fall  from  P  on  O  aie 
reflected  from  it  as  if  they  bad  come  from  Q. 

3.  All  the  sonorous  lines  between  BP  and  i  F  imn  suf- 
fered but  one  reflection ;  for  d  n  will  no  more  maot  DAA' 
so  as  to  be  reflected  agiun. 

4.  All  the  lines  which  have  been  reflected  from  KB,  lod 
afterwards  from  DA,  proceed  as  if  they  had  come  from  B. 
For  the  lines  reflected  from  KB  proceed  as  if  they  kid 
come  from  Q ;  and  lines  coming  from  Q  and  reflected  bj 
DA,  proceed  as  if  they  had  come  from  R.  Therefore  diaw 
RA  o,  and  also  draw  R  g  m  parallel  to  KB,  and  draw  Q  c 
A  ?,  Q  i  g-,  P  c,  and  P  b.     Then, 

5.  All  the  lines  between  b  P  and  c  P  have  been  tinoeie- 
flected. 

Again,  draw  SB  p,  B  r  R,  r  u  Q,  S  x  A,  Kyx^Qiy. 

6.  All  the  lines  between  u  P  and  z  P  have  suffered  three 
reflexions. 

Draw  the  tangents  TA  ^,  VB  v,  crossing  the  aids  in  W. 

7.  The  whole  sounds  will  be  propagated  within  the  cone 
V  W  t.  For  to  every  sonorous  point  in  the  line  KD,  there 
corresponds  a  point  similar  to  Q,  regulating  the  first  refleo- 
tion  from  KB  ;  and  a  point  similar  to  R,  r^ulating  the  se- 
cond reflection  from  DA ;  and  a  point  S  regulating  the 
third  reflection  from  KB,  &c.  And  similar  points  will  be 
found  regulating  the  first  reflection  from  DA,  the  second 
from  KB,  and  the  third  from  DA,  &c. ;  and  lines  dn^ 
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firam  all  these  through  A  and  B  must  lie  within  the  tangents 
FA  and  VB. 

6.  Thus  the  centres  of  reflection  of  all  the  sonorous  lines 
fhidi  lie  in  planes  passing  dirough  the  axis,  will  be  found! 
a  the  surface  of  this  sphere ;  and  it  may  be  considered  as  a 
oQorous  sphere,  whose  sounds  first  concentrate  in  W,  and 
ire  then  diffused  in  the  cone  o  W  ^ 

It  may  be  demonstrated  nearly  in  the  same  manner,  that 
he  aoDorous  lines  which  proceed  from  P,  but  not  in  the 
dame  pasang  through  the  axis,  also  proceed  after  various 
tBedSoaBy  as  if  they  had  come  from  points  in  the  surface  of 
he  same  sphere.  The  only  difference  in  the  demonstration 
^  that  the  centres  Q,  R,  S  of  the  successive  reflections  are 
ot  hi  one  plane,  but  in  a  spiral  line  winding  round  the  sur- 
lee  of  the  sphere  according  to  fixed  laws.  The  foregoing 
ondmions  are  therefore  general  for  all  the  sounds  which 
ome  in  all  directions  from  every  point  in  the  area  of  the 
KNitk^neee. 

Thus  it  appears,  that  a  conical  trumpet  is  well  fitted  for 
the  force  of  sounds  by  diminishing  their  final  di- 
For  had  the  speakers  mouth  been  in  the  open 
ir,  the  sounds  which  are  now  confined  within  the  cone  vW  t 
mM  have  been  diffused  over  a  hemisphere :  and  we  see 
iBt  prolon^g  the  trumpet  must  confine  the  sounds  still 
ore,  because  this  will  make  the  angle  B W A  still  smaller ; 
kiiger  tube  must  also  occasion  more  reflections,  and  con- 
qnently  send  more  sonorous  undulations  to  the  ear  at  a 
stance  placed  within  the  cone  t?  W  f . 
We  have  now  obtained  a  very  connected  view  of  the  whole 
Ibet  of  a  conical  trumpet.      It  is  the  same  as  if  the  whole 
gnent  TKDV  were  sounding,  every  part  of  it  with  an  in- 
Bsity  proportional  to  the  density  of  the  points  Q,  R,  S,  &c» 
nesponding  to  the  different  points  P  of  the  mouth-pieoe^ 
is  easy  to  see  that  this  cannot  be  uniform,  but  must  bo 
iidi  rarer  towards  the  margin  of  the  segment     It  would 
juire  a  good  deal  of  discussion  to  show  thedensity  of  these 
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fictitious  sounding  points  ;  and  we  shall  content  oundm 
with  giving  a  very  palpable  view  of  th^  distribution  of  the 
sonorous  rays,  or  the  density  (so  to  speak)  of  the  echoes,  in 
the  different  situations  in  which  a  hearer  may  be  placed. 

We  may  observe,  in  the  mean  time,  that  this  substitntioD 
of  a  sounding  sphere  for  the  sounding  mouth-{»eoe  his  an 
exact  parallel  in  Optics,  by  which  it  will  be  greatly  illuitiat- 
ed.  Suppose  the  cone  BKDA  to  be  a  tube  pdidwd  inthe 
inside,  fixed  in  a  wall  B  «,  perforated  in  BA,  and  that  the 
mouth-piece  DK  is  occupied  completely  by  a  flat  flam& 
The  efi*ect  of  this  on  a  spectator  will  be  the  same  if  he  is 
properly  placed  in  the  axis,  as  if  he  were  looking  at  a  flame 
as  big  as  the  whole  sphere.     This  is  very  evident 

It  is  easy  to  see  that  the  line  /  f  S  is  equal  to  the  line  le/a 
P ;  therefore  the  reflected  sounds  also  come  to  the  ctf  in 
the  same  moments  as  if  they  had  come  from  their  re^iecdTe 
points  on  the  surface  of  the  substituted  sphere.  Unless, 
therefore,  this  sphere  be  enormously  large,  the  disrinrtnfss 
of  articulation  will  not  be  sensibly  affected,  because  the  in- 
terval between  the  arrival  of  the  different  echoes  of  the  same 
snap  will  be  insensible. 

Our  limits  oblige  us  to  content  ourselves  with  exhifaiting 
this  evident  similarity  of  the  progress  of  echo  from  the  sur- 
face of  this  phonic  sphere,  to  the  progress  of  light  from  the 
same  luminous  sphere  shining  through  a  hole  of  which  the 
diameter  is  AB.  The  direct  investigaUon  of  the  intenaty 
of  the  sound  in  different  directions  and  distances  would  take 
up  much  room,  and  give  no  clearer  conception  of  the  thing. 
The  intensity  of  the  sound  in  any  point  is  precisely  similar 
to  the  intensity  of  the  illumination  of  the  same  point;  and 
this  is  proportional  to  the  portion  of  the  luminous  surface 
seen  from  this  point  through  the  hole  directly,  and  to  the 
square  of  the  distance  inversely.  The  intelligent  reader  will 
acquire  a  distinct  conception  of  this  matter  from  Plate  VL 
fig.  4.  which  represents  the  distribution  of  the  sonorous  I'mes* 
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nd  by  ccmaequenoe  the  degree  of  loudness  which  may  be 
cipeoted  iA  the  difibrent  utuations  of  the  hearer. 

As  we  have  already  observed,  the  efiSectof  theconeof  the 
tnuDfiet  is  perfectly  analogous  to  the  reflection  of  light  from 
m  pd^hed  concave,  ooniod  mirror.   Such  an  instrument 
wouJd  be  equally  fitted  for  illuminating  a  ^tant  object. 
We  iflM^pne  that  these  would  be  much  more  powerful  than 
t^  spherical  or  even  parabolic  mirrors  commonly  used  for 
dua^ytfipoee.    These  last,  having  the  candle  in  the  focus, 
forward  a  cylinder  of  light  of  equal  width  with  the 
But  it  is  well  known,  that  oblique  reflections  are 
pra^pdudy  more  vivid  than  those  made  at  greater  angles. 
Wheve  the  inclination  of  the  reflected  light  to  the  plane  of 
Ae'adtaor  does  not  exceed  aght  or  ten  degrees,  it  reflects 
aboat  thnse-iburths  of  the  light  which  fidls  on  it.    But  when 
the  nKfiMdon  is  80,  it  does  not  reflect  one>fourth  part. 

Wt  aiqF  also  observe,  that  the  density  of  the  reflected 
ioiiiids  by  die  conical  trumpet  ABC  (Plate  VI.  fig.  4.)  b  pre- 
daaly  dnilar  to  that  of  the  illumination  produced  by  a  lu- 
moMi  qshere  TDV,  shining  through  a  hole  AB.  There 
will  be  a  tpace  circumscribed  by  the  cone  formed  by  the 
lines  TB  t  and  VA  v,  which  is  uniformly  illuminated  by  the 
whole  tffbete  (or  rather  by  the  segment  TDV),  and  on  each 
ttda  there  is  a  space  illuminated  by  a  part  of  it  only,  and  the 
fflomination  gradually  decreases  towards  the  borders.  A 
spectator  placed  much  out  of  the  axis,  and  looking  through 
tbe'hde  AB,  may  not  see  the  whole  sphere.  In  like  man- 
ner^ he  will  not  hear  the  whole  sounding  sphere :  He  may 
be  so  &r  from  the  axis /u  neither  to  see  nor  hear  any  part  of 
it 

Asaisdng  our  imagination  by  this  comparison,  we  perceive 
that  beyond  the  point  w  there  is  no  place  where  all  the  le- 
fleeted  sounds  are  heard.  Therefore,  iu  order  to  preserve 
the  magnifymg  power  of  the  trumpet  at  any  distance,  it  is 
necessary  to  make  the  mouth  as  wide  as  the  sonorous  sphere. 
Nay,  even  this  would  be  an  imperfect  instrument,  because 


470  ACOUSTICS. 

its  power  would  be  aHifined  to  a  very  narrow  space ;  mdif 
it  be  not  accurately  pointed  to  the  person  listening,  its  pm 
will  be  greatly  diminished.  And  we  naay  obsorve,  by  die 
way,  that  we  derive  from  this  drcumstanoe  a  strong  ooafir* 
mation  of  the  justness  of  Mr.  Lambert^s  principles ;  fcr  the 
effects  of  speaking  trumpets  are  really  observed  to  be  lioai^ 
ed  in  the  way  here  described. — Parabcdic  trumpets  hue 
been  made,  and  they  fortify  the  sound,  not  only  in  the  cj- , 
lindrical  space  in  the  direction  of  the  axis,  but  also  on  esdh 
side  of  it,  which  should  not  have  been  the  case  had  their  et 
feet  depended  only  on  the  undulations  formed  by  the  ps» 
bola  in  planes  perpendicular  to  the  axis.     But  to  praeesd. 

Let  BCA  (Plate  VI.  fig.  5.)  be  the  cone,  ED  the  noudi- 
piece,  TEDV  the  equivalent  sonorous  qihere,  aad  TBAV 
the  circumscribed  cylinder.  Then  CA  or  CB  is  thekngik 
of  cone  tl)at  is  necessary  for  maintaining  the  nu^ufyiiig 
power  at  all  distances.  We  have  two  conditions  to  be  ful- 
filled. The  diameter  ED  of  the  mouth-piece  must  be  cf  s 
certain  fixed  magnitude,  and  the  diameter  AB  of  the  outer 
end  must  be  equal  to  that  of  the  equivalent  sonorous  sphcRL 
These  conditions  determine  all  tlic  dimensions  of  the  troffl- 
pet  and  its  magnifying  power.  And,  first,  with  reqpectto 
the  dimensions  of  the  trumpet. 

The  similarity  of  the  triangles  EC6  and  BCF  gives 
CG  :  ED  =  CF  :  AB  ;  but  CG  =  BF,  =  f  AB,  and  CF 
=  CG  +  GF,  =  GF  +  i  AB  ;  therefore  f  AB  :  ED  = 
GF  +  f  AB  :  AB,  and  AB  :  ED  =  2GF  +  AB  :  AB; 
therefore  2  GF  X  ED  +  AB  X  ED  =  AB^  and  2  GF  X 

ED  =  AB2,  — AB  X  ED,  =  AB  j<  AB  —  ED,  and  GF 

AB  X  AB— ED       ^    ^  ^        , 

= 2^D *      And,  on  the  otlier  hand,  because 

AB^  —  AB  X  ED  =  2  GF  X  ED,  we  have  ABi  —  AB 
X  ED  +  iED2  =  2GF  x  ED  +  iED«,  or  AB  — fED' 

==  2  GF  X  ED  +  J  EDS  and  AB  == /25FirEn+jll? 
+  f  ED. 
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Ijtt  X  represent  the  length  of  the  trumpet,  y  the  diame- 
cr  at  the  great  end,  and  m  the  diameter  of  the  mouth*piece. 

nen»zz'^—2m — •amdjfrrV'fxm +tm*+f «.  Thus 
be  length  and  the  great  diameter  may  be  had  reciprocally. 
Dhe  useful  case  in  practice  is  to  find  the  diameter  for  a  pro- 
lowd  length,  which  is  gotten  by  the  last  equation. 

Now  if  we  take  all  the  dimensions  in  inches,  and  fix  m 
it  n  inch  and  a  half,  we  have  2  x  m  =  3  x,  and  {  m^  = 
yjUBUf  and  f  tn  =  0,75 ;  so  that  our  equation  becomes  y  = 

/3jr+ 0,5685  +  0,75.  The  following  table  gives  the di- 
neDttODS  of  a  suflScient  variety  of  trumpets.  The  first  co- 
aniii  is  the  length  of  the  trumpet  in  feet ;  the  second  co- 
anui  is  the  diameter  of  the  mouth  in  inches ;  the  third  co- 
unm  ia  the  number  of  times  that  it  magnifies  the  sound ; 
ind  the  fourth  column  is  the  number  of  times  that  it  m- 
aiesaes  dw  distance  at  which  a  man  may  be  distinctly  heard 
)y  its  meaiis ;  the  fifth  contains  the  angle  of  the  cone. 


GF 

fret 

AB 

inches. 

Magnifying. 

Extending. 

ACB. 

1 

6,8 

42,6 

6,5 

Q       ' 

.24  53 

2 

9.3 

77,8 

8,8 

18  28 

3 

11,2 

112,4 

10,6 

15  18 

4 

12,8 

146,6 

12,1 

13  24 

6 

14,2 

180,4 

13,4 

12  04 

6 

J  5,5 

214,2 

14,6 

11   05 

7 

16,6 

247,7 

15,7 

10  18 

8 

17,7 

381,8 

l6,8 

9  40 

9 

18,8 

314,6 

17,7 

9  08 

10 

19,8 

347,7 

18,6 

8  42 

11 

20,7 

380,9 

19,5 

8  18 

12 

21,5 

414,6 

20,4 

7  58 

15 

24, 

513,6 

22,7 

7  09 

18 

26,2 

612,3 

«4,7 

6  33 

91 

28»8 

711,2 

26,6 

6  05 

24 

30,2 

810,1 

28,5 

5  42 

£D  in  all  is  . 

=  1,5. 
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The  two  last  columns  are  canstnictod  od  tbe  feUoving 
consideradons :  We  concave  the  hearer  plaoed  witlua  tb 
cylindrical  space  whose  diameter  is  BA.  In  this  sitiatioa 
he  receives  an  echo  coming  apparently  from  the  whole  m^ 
face  TGV ;  and  we  account  the  effect  of  the  trumpd  m 
equivalent  to  the  united  voices  of  as  many  mouths  as  wodi 
cover  this  surface.  Therefore  the  quotient  obtained  fay  di- 
viding the  surface  of  the  hemisphere  by  that  of  the  moudi* 
piece  win  express  the  magni^ng  power  of  the  tranpet 
If  the  chords  g  £,  g*  T,  be  drawn,  we  know  that  the  ^he- 
lical  surfaces,  T  g  V,  E  g*  D,  are  respectively  equal  to  the 
circles  described  with  the  radii  T  g,  E  gf,  and  are  tboefiie 
as  T  g<  and  E  g*.  Therefore  the  audiUli^  of  die  trmfttf 
when  compared  with  a  single  voice,  may  be  ezpnMd  by 

Tg* 

jrj,.      Now  the  ratio  of  Tg*  to  Elg*  is  easily  bbtabed. 

For  if  £/  be  drawn  parallel  to  the  axis,  it  is  pUb  that 

BA— ED 
B/= g ,  and  that  E/  is  to  /  B  as  radius  to  tk 

tangent  of  BCF ;  which  angle  we  may  call  a.     Therefcre 

tan.  a  z=    2x  '  ^^^  ^^^^  ^^  obtain  the  angle  a.    fiut  if 

the  radius  CE  be  accounted  1,  T  gisz=/^2,  and  £  gis 

a  Tg       ^  2 

=  2  sin.  g.   Therefore  Eg^2sin.g*  •"^  ^®  magni^^ 

2  1 

power  of  the  trumpet  =  4^^r^»  =  «g  ^^t  .-     The  num- 

S  2 

bers,  therefore,  in  the  third  column  of  the  table  are  each 
_       1 

""  2  sin*.  ^* 

But  the  more  usual  way  of  conceiving  the  power  of  the 
trumpet  is,  by  considering  how  much  farther  it  will  enable 
us  to  hear  a  voice  equally  well.  Now  we  suppose  that  tbe 
audibility  of  sounds  varies  in  the  inverse  duplicate  ratio  of 
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» distenoe.    Therefore  if  the  distance  d,  at  which  a  man 

ff  be  diadnotly  beard,  be  increased  to  ;r,  in  the  propor- 

H^of  EG  to  T  jr>  the  sound  will  be  less  audiUe,  in  the 

iporliOD  <rf  T  g*  to  EG*.    Therefore  the  trumpet  will 

>"«§  wall  heard  at  the  distance  ir  as  the  simple  voice  is 

z 
ipd  at  the  £«tance  i.    Therefore  j  will  express  the  tx^ 

•  ■ ■  ■  .  i/  2 

mi^.power  of  the  trumpet,  which  is  therefore  =  2 


-__•'' 


fi^fafamanner  were  the  numbers  computed  for  the  fourth 

of  the  table. 

*  ■  ■  _ 

the  ang^e  BCA  is  small,  which  is  always  the  case 

j|igflffng  trumpets,  we  may,  without  any  senuble  errors 

ED       m 
ilmaaff  Bf  as=^,  =  2.    And  Tg-=TC  x  v^2,= 

B  .  AB       y 

rf^  ff  ^1718  =  i/2*    '^^^  8*^®*  •  ^^  ®**y  compu- 


of  me  extending  and  magnifying  powers  of  the 

iSBIpflft* 

Tlht  extending  power  is  =r  ^  2~. 


The  magnifying  power  is  =  8  ^. 


We  may  also  easily  deduce  from  the  premises,  that  if  the 
N^h-peoe  be  an  inch  and  a  half  in  diameter,  and  the 
^gh  X  be  measured  in  inches,  the  extending  power  is  very 

ariy  =  Vi*\  <u^  the  magnifying  power  =  I-  «• 
An  inconyenience  still  attends  the  trumpet  of  this  con* 
ruction.  Its  complete  audiUlity  is  omfined  to  the  eyhn* 
ical  space  in  the  direction  of  the  axis,  and  it  is  more  fidnt- 
heard  on  each  ode  of  it  This  obliges  us  to  direct  th^ 
ompet  very  exactly  to  the  spot  where  we  wish  it  to  be 
Md.  This  is  confirmed  by  all  the  accounts  we  have  of 
e  performance  of  great  speaking  trumpets.  It  is  evident, 
at  by  lengthenmg  the  trumpet,  and  thetefiwe  enlarging 
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ito  mouth,  we  make  the  lines  TB  t  and  VA  b  expand  (Phte 
VI.  fig.  4) :  and  therefore  it  will  not  be  ao  difficult  to  dinct 
the  trumpet 

But  even  this  is  confined  within  the  limita  of  a  for  d^ 
grees.  Even  if  the  trumpet  were  continued  without  cd^ 
the  sounds  cannot  be  reinforced  in  a  wider  apace  than  die 
cone  of  the  trumpet.  But  it  is  always  advantageooi  tob- 
crease  its  length  ;  for  this  makes  the  extreme  tangents  CD- 
brace  a  greater  portion  of  the  sonorous  sphere,  and  thus  in- 
creases the  sound  in  the  space  where  it  is  all  reflected.  And 
the  limiting  tangents  TB,  VA,  expand  still  more,  and  dm 
the  space  of  full  effect  is  increased.  But  either  of  these  aug* 
mentations  is  very  small  in  comparison  of  the  angoentation 
of  size.  If  the  trumpet  of  Plate  VI.  fig.  5.  were  made  an 
hundred  times  longer,  its  power  would  not  be  incremdwiB 
half. 

We  need  not  therefore  aim  at  much  more  than  to  pto- 
duce  a  cylindrical  space  of  full  efiect ;  and  this  will  alwajs 
be  done  by  the  preceding  rules,  or  table  of  constructkxis. 
We  may  give  the  trumpet  a  third  or  a  fourth  part  mare 
lengtli,  in  order  to  spread  a  little  the  space  of  its  full  effect, 
and  thereby  make  it  more  easily  directed  to  the  intended 
object.  But  in  doing  this  we  must  be  careful  to  increase tbe 
diameter  of  the  mouth  as  much  as  we  increase  the  length; 
otherwise  we  produce  the  very  opposite  effect,  and  make  the 
trumpet  greatly  inferior  to  a  shorter  one,  at  all  distances  be* 
yond  a  certain  point.  For  by  increasing  the  length  while 
the  part  C6  remains  the  same,  we  cause  the  tangents  TB 
and  VA  to  meet  on  some  distant  point,  beyond  which  the 
sound  diffuses  prodigiously.  The  construction  of  a  speak* 
ing  trumpet  is  therefore  a  problem  of  some  nicety;  and  as 
the  trials  are  always  made  at  some  considerable  distance,  it 
may  frequently  happen  that  a  trumpet,  which  is  not  heard 
at  a  mileV  distance,  may  be  made  very  audible  two  miles  off 
by  cutting  off  a  piece  at  its  wide  end. 
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After  this  minute  consideration  of  the  conical  trumpet,  we 
lu^t  proceed  to  consider  those  of  other  forms.  In  particu- 
■Ty  the  hyperbolic,  proposed  by  Cassegrain,  and  the  panu 
lolic^  proposed  by  Haase,  seem  to  merit  consideratioD.  But 
t  me  examine  them  merely  as  reflectors  of  echoes,  we  shall 
Imd  them  inferior  to  the  conical. 

'  With  respect  to  the  hyberbolic  trumpet,  its  inaptitude  is 
nAdentat  first  sight  For  it  must  dissipate  the  echoes  more 
lihiii  a  ooDical  trumpet.  Indeed  Mr.  Cassegrain  proceeds 
on  quite  different  principles,  depending  on  the  mechanism 
of  the  aerial  undulations :  his  aim  was  to  increase  the  agita> 
Cion  in  each  pulse,  so  that  it  may  make  a  more  forcible  im- 
pabe  mi  the  ear.  But  we  are  too  imperfectly  acquainted 
widi  this  subject  to  decide  a  priori ;  and  experience  shows 
dMt  the  hyborbola,  is  not  a  good  form. 

With  respect  to  the  parabolic  trumpet,  it  is  certain  that 
if  Che  mouth-piece  were  but  a  point,  it  would  produce  the 
moat  bfOuiMe  reflection  of  all  the  sounds ;  for  they  would 
all  piooeed  parallel  to  the  axis.  But  every  point  of  an  opea 
mouth  must  be  considered  as  a  centre  of  sound,  and  none 
of  it  must  be  kept  out  of  the  trumpet.  If  this  be  all  ad- 
mitted, it  will  be  found  tliat  a  conical  trumpet,  made  by  the 
preceding  rules,  will  dissipate  the  reflected  sounds  much  less 
than  the  parabolic. 

Thus  fiEir  hav  we  proceeded  (m  the  fiur  consequences  of 
the  well  known  fact,  that  echoes  are  reflected  in  the  same 
mamner  as  light,  without  engaging  in  the  intricate  investi- 
gation of  aerial  unduladons.  Whoever  considers  the  New- 
tonian theory  of  the  propagation  of  sound  with  intelligence 
and  attention,  will  see  that  it  is  demonstrated  solely  in  the 
CMe  of  a  single  row  of  particles ;  and  that  all  the  general 
ooroUaries  respecting  the  lateral  diffusion  of  the  elastic  un- 
dulations are  little  more  than  sagacious  guesses,  every  way 
worthy  of  the  illustrious  author,  and  beautifully  confirmed 
by  what  we  can  most  distinctly  and  accurately  observe  in 
the  circular  waves  on  the  sur&ce  of  still  water.     But  thoy 
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are  by  no  means  fit  fcnr  becoming  the  foundatioa  of  anj 
doctrine  which  lays  the  smallest  daim  to  the  title  oficeiiiite 
science.  We  really  know  exceedingly  httle  of  the  theorj  fA 
aerial  undulations ;  and  the  conformity  of  the  phcnoBiBS 
of  sound  to  these  guesses  of  Sir  Isaac  Newton  has  ahriji 
been  a  matter  of  wonder  to  every  eminent  and  candid  na- 
tliematician ;  and  no  other  should  pretend  to  judge  ofths 
matter.  This  wonder  has  always  been  adcnowledged  bf 
Daniel  Bernoulli;  and  he  is  the  only  person  who  hMiade 
any  addition  to  the  science  of  sounds  that  is  worth  meB&m 
ing.  For  such  we  must  always  esteem  his  doctrine  of  die 
secondary  undulations  of  musical  cords,  and  the  seeondiiy 
pulses  of  air  in  pipes.  Nothing  therefore  is  more  mmr- 
rantable,  or  more  plainly  shews  the  precipitant  pcsinqtioQ 
of  modem  sciolists,  than  the  familiar  use  of  the  gnetil 
theory  of  aerial  undulations  in  their  attempts  to  eiphin  die 
abstruse  phenomena  of  nature  (such  asthecommumctboaof 
sensation  from  the  organ  to  the  sensorium  by  the  TilinbaBi 
of  a  nervous  fluid,  the  reciprocal  communication  of  the  ?i>- 
litions  from  the  sensorium  to  the  muscle,  nay,  the  whole  plie> 
noraena  of  mind),  by  vibrations  and  vibratiunculae. 

Those  who  have  endeavoured  to  improve  the  spesldng 
trumpet  on  meclianical  principles,  have  generally  aimed  at 
increasixig  the  violence  of  the  elastic  undulations,  that  they 
may  make  a  more  forcible  impulse  on  the  ear.  This  is  the 
object  in  view  in  the  parabolic  trumpet  All  the  undula- 
tions are  converted  into  others  which  are  in  planes  peipen- 
dicular  to  the  axis  of  the  instrument ;  so  that  the  samelittk 
mass  of  ur  is  agitated  again  and  again  in  the  same  directioo. 
From  this  it  is  obvious  to  conclude,  that  the  total  agitation 
will  be  more  violent  But,  in  the  first  place,  these  videDt 
agitations  must  diffuse  themselves  laterally  as  soon  as  thej 
get  out  of  the  trumpet,  and  thus  be  weakened  in  a  pnqxx^ 
tion  that  is  perhaps  impossible  for  thrmost  expert  analyst  to 
determine.  But,  moreover,  we  are  not  sufficiently  aoquiunt- 
cd  with  the  mechanism  of  the  very  first  agitations,  to  be  abk 
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o  petceWe  what  conformation  of  the  trumpet  will  cause  the 
reflected  undulations  to  increase  the  .first  undulations,  or  to 
sheek  them.    For  it  must  happen,  during  the  production 
of  a  oootinued  sound  in  a  trumpet,  that  a  parcel  of  air, 
wliidi  is  in  a  state  of  progressive  agitation,  as  it  makes  a 
pube  of  one  sound,  may  be  in  a  state  of  retrograde  a^tation, 
M  it  is  part  of  a  pulse  of  sir  producing  another  sound.    We 
cynmot  (at  least  no  mathematician  has  yet  done  it)  discri- 
minate, and  then  combine  these  agitations,  with  the  intelli- 
gence and  precision  that  are  necessary  for  enabling  us  to 
aaj  what  is  the  ultimate  accumulated  effect   Mr.  Lambert 
therefore  did  wisely  in  abstaining  from  this  intricate  inves- 
tigaticm ;  and  we  are  highly  obliged  to  him  for  deducing 
lodh  a  body  of  demonstrable  doctrine  from  the  acknowledg- 
ed, but  ill  understood,  fact  of  the  reflection  of  echoes. 
.  We  know  that  two  sounds  actually  cross  each  other  with- 
out any  mutual  disturbance ;  for  we  can  hear  either  of  them 
distinctly^  provided  the  other  is  not  so  loud  as  to  to  stun  our 
tan,  in  the  same  manner  as  the  glare  of  the  sun  dazzles  our 
eyes.    We  may  therefore  depend  on  all  the  consequences 
which  are  legitimately  deduced  from  this  fact,  in  the  same 
manner  as  we  depend  on  the  science  of  catoptrics,  which  is 
all  deduced  from  a  fact  perfectly  similar,  and  as  little  under- 
stood. 

But  the  preceding  propositions  by  no  means  explain  or 
comprehend  all  the  reinforcement  of  sound  which  is  really 
obtained  by  means  of  a  speaking  trumpet  In  the  first 
place,  although  we  cannot  tell  in  what  degree  the  aerial  un- 
dulations are  increased,  we  cannot  doubt  that  the  reflec- 
tions which  are  made  in  directions  which  do  not  greatly  de- 
viate from  the  axis,  do  really  increase  the  agitaUon  of  the 
particles  of  air.  We  see  a  thing  perfectly  similar  to  this  in 
the  waves  on  water.  Take  a  long  slip  of  lead,  about  two 
inches  broad,  and  having  bent  it  into  the  form  of  a  parabola, 
set  it  into  a  large  flat  trough,  in  which  the  water  is  about  an 
inch  deep.     Let  a  quick  succession  of  small  drops  of  water 


478 

M  pracbJy  cm  tfw  fccu»  of  Urn  f ■  JiiM/>  W»<fc*»i 
the  dioolar  wsm  pnncgitoy  ftom  tfct  JMM  di  mmmtt 
into  imvtt  perpwufadu'  i»  the  Mb;^  «iJ  ««dUlrfti^ 
quendj  nt  tbeie  ilm^.ipsv«l  coariifldfaly  fl^ 
tbeir  hogbt  and  fcrae.    We  my  geMraRf  ^  tent  ftni '' 
aometiiiKt  obmvsdl  thtt  tknt  itltclidl  wmm  wmmMIMin 
aUy  strangor  thM  tte  cimAr  or  iii VijiMi  :iiWMi    lWy<» 
not  exAcdy  know  to  winU  iImi  dUhnnoe 
we  an  diqpoMd  taottriboto  k  to  tht 
This  oMj  bo  luclh  tlMt  dwintafval  of  tiao  b«fc«Hi  toft 
drap  it  fnamdy  ^qfm^  or  ol  knit  eoiatoonnitol|%#llo 
time  in  wUeh  the  womi  rtm  oo«  dnr  diVm  bMliift^  fl^ 
IB  a  p>otty  cxptriomt;  and  the  mgnuoM 'iplclMfate 
may  make  oth«»  of  the  mne  iDnd  wfaMk  ^t/t^/fmifi^ 
liutrate  aofeial  dilBoalC  poinia  in  dm  nSito  olaaSj^  IWe 
may  ooodbde,  in  general,  that  the  leieotioti  of  Mni^^ 
atrampetofthe  vmuiAKpm,  h  mooampumA  hf,^wi 
ineream  of  llio  atrial  agit^ion ;  and  m  aono.pgtiite 
caies  we  find  the  sounds  piocGgiously  incnapedir-  tlm 
when  we  VUjfw  through  a  mmical  tnmpet,  and  iflovAi 
air  to  take  that  unifonn  undulation  which  can  be  bml 
tmned  in  it,  namdy,  that  which  produces  its  miiMWil 
where  the  whole  tube  contuna  but  one  or  two  undrioteik 
the  agitation  of  a  particle  must  then  be  very  great;  mdit 
must  dsscribs  a  very  considendde  line  in  ita  trfmiHaHiff*^ 
When  we  suit  our  Uast  in  such  a  manner  as  tocomiam 
this  nole^  that  is,  this  undulation,  we  are  certain  tkst  At 
subsiipiait  agitations  conqpire  with  thepieoefiBig  ngilstinaj 
and  augment  it.    And  aooordingly  we  find  thai  the  seairf 
is  increased  to  a  prodigious  degree.     A  cor-dedHMKbtrs 
bugle  horn,  when  properiy  winded,  w91  ahnoal  deaAn  At 
ear ;  and  yet  the  esection  is  a  mere  nothing  in  ioanpaiiwa 
with  what  we  make  when  bellowing  with  all  ear  foiee^  bal 
with  not  the  tenth  part  of  the  noise.    We  alto  know  thatif 
we  speak  through  a  speakiag  trumpet  in  the  key  wMA 
Gorrtqxmds  with  its  dimeneions,  it  is  much  more.adBUt 
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tfasa  when  we  speek  in  a  different  pitch.  These  observa- 
IMt  shew,  that  the  loudnets  of  a  speaking  trumpet  arises 
from  eomething  more  than  the  sole  reflection  of  echoes  con- 
ndHed  hy  Mr.  Lambert— the  very  echoes  are  rendered 

hmder. 

In  the  next  place,  the  sounds  are  increased  by  the  vibra- 
tiooa  of  the  trumpet  itself.  The  elastic  matter  of  the  trum- 
pet is  thiDim  into  tremors  by  the  undulations  which  proceed 
fmn  the  moutlvpiece.  These  tremors  produce  pulses  in  the 
oontigiious  air,  both  in  the  inside  of  the  trumpet  and  on  that 
wUffih  MirRninds  it  These  undulations  within  the  trumpet 
pradoca  original  sounds,  which  are  added  to  the  reflected 
SQvnda :  for  the  tremor  continues  for  some  Uttle  time,  per- 
haps the  time  of  three  or  four  or  more  pulses.  This  must 
incToase  Ac  loudness  of  the  subsequent  pulses.  We  cannot 
my  fa  what  degree,  because  we  do  not  know  the  force  of 
die  trenoK  which  the  part  of  the  trumpet  acquires :  but 
we  know  that  these  sounds  will  not  be  magnified  by  the  trum- 
pet to  die  same  degree  as  if  they  had  come  from  the  mouth- 
:  for  they  are  reflected  as  if  they  had  come  from  the 
of  a  sphere  which  passes  through  the  a^tated  point 
of  the  trumpet.  In  short,  they  are  magnified  only  by  that 
part  of  the  trumpet  which  lies  without  them.  The  whole 
soiinila  of  this  kind,  therefore,  proceed  as  if  they  came  firom 
a  number  of  concentric  spherical  surfaces,  or  from  a  solid 
apbcre,  whose  diameter  is  twice  the  length  of  the  trumpet 


'  All  these  agitations  arising  from  the  tremors  of  the  trum- 
pet lend  greatly  to  hurt  the  distinctness  of  articulation ;  be« 
causey  coming  from  different  points  of  a  large  sphere,  they 
arrive  at  the  ear  in  a  sensible  suocesmon ;  and  thus  change  a 
momentary  articulation  to  a  lengthened  sound,  and  give  the 
qipearance  of  a  number  of  voices  uttering  the  same  words  in 
soooession.  It  is  in  this  way  that,  when  we  dap  our  hands 
together  near  a  long  rail,  we  get  an  echo  from  sach  post, 
which  produces  a  chirping  sound  of  some  continuance.   For 


480  TRHKPET. 

these  reasons,  it  is  found  advantageous  to  check  all  traaoii 
of  the  trumpet  by  wrapping  it  up  in  wodlen  lists.  TIrii  if 
also  necessary  in  the  musiod  trumpet. 

With  respect  to  the  undulations  produced  by  the  tRBon 
of  the  trumpet  in  the  lur  contiguous  to  its  outade,  they  lbs 
hurt  the  articulation.  At  any  rate,  this  is  so  much  of  the 
sonorous  momentum  uselessly  employed ;  becaaae  theysre 
diffused  like  coounon  sounds,  and  receive  no  augmoilidfla 
from  the  trumpet. 

It  is  evident,  that  this  instrument  tiiaj  be  used  (and  ac- 
cordingly was  so)  for  aiding  the  hearing ;  for  the  subgrnis 
lines  are  reflected  in  either  direction.  We  know  that  all 
tapering  cavities  greatly  increase  external  noises  t  and  we 
observe  the  brutes  prick  up  their  ears  when  they  want  to 
hear  uncertmn  or  faint  sounds.  They  turn  thminsndi 
directions  as  are  best  suited  for  the  reflection  of  the  soiuid 
from  the  quarter  whence  the  animal  imagines  that  it  oomeii 

Liet  us  apply  Mr.  Lambert's  principle  to  this  very  inte- 
resting case,  and  examine  whether  it  be  pos^ble  to  anist 
dull  hearing  in  like  numner  as  the  optician  has  assisted  im- 
perfect sight. 

The  subject  is  greatly  simplified  by  the  circumstanoes  of 
the  case ;  for  the  sounds  to  which  we  listen  generally  come 
in  nearly  one  direction,  and  all  that  we  have  to  do  is  to  pro- 
duce a  constipation  of  them.  And  we  may  conclude,  thit 
the  audibility  will  be  proportional  to  this  constipation. 

Therefore  let  ACB,  Pkte  VI.  fig.  6.  be  the  cone,  and  CD 
its  axis.  The  sound  may  be  conceived  as  coming  in  the  di- 
rection RA,  parallel  to  the  axis,  and  to  be  reflected  in  the 
points  A,  by  c,  J,  e,  till  the  angle  of  incidence  increases  to  90^; 
after  which  the  subsequent  reflections  sencLthe  sound  out 
again.  We  must  therefore  cut  off  a  part  of  the  cone ;  and, 
because  the  lines  increase  their  angle  of  incidence  at  each 
reflection,  it  will  be  proper  to  make  the  angle  of  the  cone 
an  aliquot  part  of  gO"",  Uiat  the  least  incidence  may  amount 
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daely  to  tfaat  quantity.     What  part  of  the  cone  should 

cut  off  may  be  determined  by  the  former  principles. 

CA  *  sin.  a 
1  the  angle  ACD,  a.     We  have  C  e  =sin.(:e«  +  l)a'*' 

m.the  sound  gets  the  last  useful  reflection.  Then  we 
e  the  diameter  of  the  mouth  AB  =  2  CA  *  sin.  a,  and 
t  of  the  other  end  €/  =  C  e  •  2  sin.  a.  Therefore  the 
nds  will  be  constipated  in  the  ratio  of  C A'  to  C  e'^  and 
trumpet  will  bring  the  speaker  nearer  in  the  ratio  of 
LtoCe. 

RThen  the  lines  of  reflected  sound  are  thus  brought  to- 
her,  they  may  be  recdved  into  a  small  pipe  perfectly  cy- 
Iviod,  which  may  be  inserted  into  the  external  ear.  This 
1  not  chfti^  their  angles  of  inclination  to  the  axis  nor 
ir  densi^.  It  may  be  convenient  to  make  the  internal 
netier  ^  this  pipe  |  of  an  inch.  Therefore  C  e  •  sin.  a 
=  {-  of  an  inch.  This  drcumstance,  in  conjunction  with 
^  magnii^g  power  proposed,  determines  the  other  di- 

onons  of  the  hearing  trumpet    For  C  e  =  ^^^^  =: 

CA  an.  m  sin.  (2n  +  I)  a 

.(8ji  +  i)a,andCA=        6  sin.<  a 

rhus  the  relation  of  the  angle  of  the  cone  and  the  length 

the  instrument  is  ascertained,  and  the  sound  is  brought 

irer  in  the  ratb  of  C  A  to  C  e,  or  of  sin.  (2n  +  l)ato  un. 

And  seeing  that  we  found  it  proper  to  make  (2  n  +  1) 

=  90*9  we  obtain  this  very  simple  analogy.  1  :  sin.  a  = 

L :  C  e.    And  the  ane  of  i  the  angle  of  the  cone  is  to 

liua  as  1  to  the  approximaung  power  of  the  instrument 

EhuB  let  it  be  required  that  the  sound  may  be  as  audible 

.     .       CA       _ 
tf  the  voice  were  twelve  times  nearer.  This  gives  -gj-  =  1  »• 

OS  gives  nn.  a  =  jg,  and  a  =  4*  47',  and  the  angle  of 

1  1  144 

oone=9-34'.  ThenGA=j--j^  =51^^= 

roL.  IV.  2  H 


49S  AGoosncft. 

=M.    Therefore  the  length  of  the  ooneii  Si  iaehei.  Fmi 

CA 

this  take  C  r  =  j^^  =  ^>  ^^  ^^  length  of  the  tnunpet 

is  22  inches.  The  diameter  at  the  mouth  is  8  C  c^  =  4 
inches.  With  tlus  instniment  one  voioe  should  be  ai  load 
as  144k 

If  it  were  reqiured  to  approximate  the  aound  only  km 
times,  making  it  16  times  stronger  than  the  naturdvpiee 
at  the  same  disunce,  the  angle  ACB  must  he  89^  i  Ac  nwl 
be  2  inches,  AB  must  be  1  jd  inches,  and  e  J  xa^M.  be  {d 
of  an  inch. 

It  is  easy  to  see,  that  when  the  nie  of  the  ea^cid  is  lbs 
same  in  all,  the  diameters  at  the  outer  end  are  piopsrCioDal 
to  the  approximating  powers,  and  the  length  of  the  onms  aie 
proportional  to  the  magnifying  powers. 

We  shall  find  the  parabolic  conoid  the  prefiefiibk  Aift 
for  an  acoustic  trumpet ;  because  the  sounds  oome  inU)  thi 
instrument  in  a  direction  parallel  to  the  axis»  th^  arc  v^ 
fleeted  so  as  to  pass  through  the  focus.  The  paiabofic  con- 
oid must  therefore  be  cut  off  through  the  focus,  that  the 
sounds  may  not  go  out  again  by  the  subsequent  reflectioos; 
and  they  must  be  received  into  a  cylindrical  pipe  of  jd  flf 
an  inch  in  diameter.  Therefore  the  parameter  of  this  paia- 
bola  is  ^d  of  an  inch,  and  the  focus  is  Ath  of  an  inch  from 
the  vertex.  This  determines  the  whole  instrument ;  for  they 
are  all  portions  of  one  parabolic  conoid.  Suppose  that  the 
instrument  is  required  to  approximate  the  sound  12  time^ 
as  in  the  example  of  the  conical  instrument.  The  ordioite 
at  the  mouth  must  be  12  times  the  6th  of  an  inch,  or  8 
inches  ;  and  the  mouth  diameter  is  4  inches,  as  in  the  oooi- 
cal  instrument.  Then,  for  the  length,  observe,  that  DC  in 
Plate  VI.  Fig.  7.  is  ^th  of  an  inch,  and  MP  is  2  indies,  and 
AC  is  V^th  of  an  inch  and  DC* :  MPt  =  AC :  AP.  This  will 
give  AP  =  12  inches,  and  CP  =  lUiths ;  whereas  in  the 
conical  tubeit  was  22.1nlikc  manner  an  instrument  wUdiaf' 
proximates  the  sounds  4  times,  is  only  l^th  inches  \asDg%vA 
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Idl  incheB  diatneter  at  die  big  end.  Such  small  instruments 
■aj  be  very  exactly  made  in  die  parabolic  form,  and  are  eer- 
lialy  preferable  to  the  conical.  But  since  even  these  are  of  a 
mef  moderate  sixe  when  intended  to  approximate  the  sound 
nly  a  few  timet,  and  as  they  can  be  accurately  made  by 
my  tin-maD,  they  may  be  oF  more  general  use.  One  of  12 
Behei  loDg,  and  3  inches  wide  at  the  big  end,  should  ap- 
monmate  the  sound  at  least  9  times. 

Agamral  rukjhr  making  fXem.— Let  m  express  the  ap- 
iroKiinaling  power  intended  for  the  instrument  The  length 

if  the  instrument  in  inches  is  g ,  and  the  diameter 

It  tlie  mouth  is  '^.    The  diameter  at  the  small  end  is  aU 

irmyt  f  of  an  inch. 

In  tnutapets  for  asristing  the  hearing,  aH  revetberation  of 
die  trutaoipet  must  be  avoided.     It  must  be  made  thick,  of 
the  least  ehntie  materials,  and  covered  with  doth  externally. 
Por  aH  rtffi^iberation  lasts  for  a  short  time,  and  produces 
new  founds  which  nux  with  those  that  are  coming  in. 

We  mast  also  observe,  that  no  acoustic  trumpet  can  se- 
parate those  sounds  to  which  we  listen  from  others  that  are 
■ade  in  the  same  direction.  All  are  received  by  it,  and 
n^pliiled  in  the  same  proportion.  This  is  frequently  a  very 
ipNsat  moonvemence. 

There  is  also  another  imperfection,  which  we  imagine 
cmnot  be  removed,  namely,  an  odd  confusion,  which  can- 
not be  called  indistinctness,  but  a  feefing  as  if  we  were  in 
the  midst  of  an  echoing  room.  The  cause  seems  to  be  this : 
Heating  gives  us  some  perception  of  the  durection  o  the 
soonding  otgect,  not  indeed  very  precise,  but  sufficiently  so 
ftr  most  purposes.  In  all  instruments  which  we  have  de- 
imbed  for  constipating  sounds,  the  last  reflections  are  made 
in  directions  very  much  inclined  to  the  axis,  and  inclined  in 
many  different  degrees.  Therefore  they  have  the  appear- 
ance of  coming  from  different  quarters ;  and  instead  of  the 
perception  of  a  single  speaker,  wc  have  that  of  a  sounding 
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surface  of  great  extent    We  do  not  know  any  mmhod  of 
preventing  this,  and  at  the  same  time  increasing  the  sound. 

There  is  an  observation  which  it  is  of  importance  to  mike 
on  this  theory  of  acoustic  instruments.  Their  perfonuMe 
does  not  seem  to  correspond  to  the  oomputatioos  founded 
on  the  theory.  When  they  are  tried,  we  cannot  think  tint 
they  magnify  so  much  :  Indeed  it  is  not  easy  to  findamci- 
sure  by  which  we  can  estimate  the  d^;rees  of  audibiHtj* 
When  a  man  speaks  to  us  at  the  distance  of  a  yard,  and  then 
at  the  distance  of  two  yards,  we  can  hardly  think  that  thoe 
is  any  difference  in  the  loudness ;  though  theory  sayi^  thst 
it  is  four  times  less  in  the  last  of  the  two  experimeiiti ;  and 
we  cannot  but  adhere  to  the  theory  in  this  very  simple  esse, 
and  must  attribute  the  difference  to  the  impossibility  of  nie»- 
suring  the  loudness  of  sounds  with  precision.  And  becsuse 
we  are  familiarly  acquainted  with  the  sound,  we  can  no  more 
think  it  four  times  less  at  twice  the  distance,  than  we  cu 
think  the  visible  appearance  of  a  man  four  times  less  when 
he  is  at  a  quadruple  distance.  Yet  we  can  completely  con- 
vince ourselves  of  this,  by  observing  that  he  covers  the  ap- 
pearance of  four  men  at  that  distance.  We  cannot  easily 
make  the  same  experiment  with  voices. 

But,  besides  this,  wc  have  compared  two  hearing  trumpetSf 
one  of  which  should  have  made  a  sound  as  audible  at  thedisp 
tance  of  40  feet  as  the  other  did  at  10  feet  distance ;  but  ve 
thought  them  equal  at  the  distance  of  40  and  1 8.  The  result 
was  the  same  in  many  trials  made  by  different  persons,  and  in 
different  circumstances.  This  leads  us  to  suspect  some  mis- 
take in  Mr.  Lambert's  principles  of  calculation :  and  we  think 
him  mistaken  in  the  manner  of  estimating  the  intensity  of 
the  reflected  sounds.  He  conceives  the  proportion  of  inten- 
sity of  the  simple  voice  and  of  the  trumpet  to  be  the  same 
with  that  of  the  surface  of  the  mouth-piece  to  the  surface  of 
the  sonorous  hemisphere,  which  he  has  so  ingeniously  sub- 
stituted for  the  trumpet.  But  this  seems  to  suppose,  that 
the  whole  surface,  generated  by  the  revolution  of  the  quad- 
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mital  arch  TEG  round  the  axis  CG  (Plate  VI.  fig.  4^),  is 
■quallj  sonorous.  We  are  assured  that  it  is  not ;  For  even 
if  we  should  suppose  that  each  of  the  points  Q,  R,  and  S 
(Plate  VI.  fig.  S.),  are  equally  sonorous  with  the  point  P, 
diese  points  of  reflection  do  not  stand  so  dense  on  the  surface 
of  the  9fhere  as  on  the  surface  of  the  mouth- piece.  Suppose 
them  arranged  at  equal  distances  all  over  the  mouth-piece, 
Aey  will  be  at  equal  distances  also  on  the  sphere,  only  in  the 
Erection  of  the  arches  of  great  circles  which  pass  through 
the  centre  of  the  mouth-piece.  But  in  the  direction  perpen- 
dteular  to  this,  in  the  circumference  of  small  circles  having 
the  centre  of  the  mouth-piece  for  their  pole,  they  must  be 
nier  in  the  proportion  of  the  sine  of  their  distance  from  this 
pole.  This  is  certainly  the  case  with  respect  to  all  such 
aounds  as  have  been  reflected  in  the  planes  which  pass 
through  the  axis  of  the  trumpet ;  and  we  do  not  see  (for  we 
have  not  examined  this  point)  that  any  compensation  is  made 
by  the  reflexion  which  is  not  in  planes  passing  through  the 
We  therefore  imagine,  that  the  trumpet  does  not  in* 
the  sound  in  the  proportion  otgE^togT*  (Plate 

VL  fig.  6.),  but  in  that  of  ^j]g-  to  J^- 

Mr.  Lambert  seems  aware  of  some  error  in  his  calculatioui 
and  proposes  another,  whidi  leads  nearly  to  this  conclusion, 
but  founded  on  a  principle  which  we  do  not  think  in  the 
kwt  applicable  to  the  case  of  sounds. 
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This  is  a  stringed  instrument,  invented  in  the  1 6th  oentary 
by  an  Italian  artist  Marino  or  Marigni,  and  called  a  frm- 
petj  because  it  takes  only  the  notes  of  the  trumpet,  with  lU 
its  omissions  and  imperfections,  and  can  therefore  execute 
only  such  melodies  as  are  fitted  for  that  instrument    It  is 
a  very  curious  instrument,  though  of  small  musical  powen, 
because  its  mode  6(  performance  is  totally  unlike  that  of 
other  stringed  instruments ;  and  it  deserves  our  very  parti- 
cular attention,  because  it  lays  open  the  mechanism  of  mu^ 
cat  sounds  more  than  any  thing  we  are  acquainted  with ; 
and  we  shall  therefore  make  use  of  it  in  order  to  communi- 
cate to  our  readers  a  philosophical  theory  of  music,  which 
we  have  already  treated  in  detail  as  a  liberal  or  scientific  art 
The  trumpet  marine  is  commonly  made  in  the  form  of  a 
long  triangular  pyramid,  ABCD,  (Plate  VI.  fig.  8.)  on  which 
a  single  string  EFG  is  strained  over  a  bridge  F  by  means  of 
the  finger  pin  L.     At  the  narrow  end  are  several  frets  1,2, 
3,  4,  5,  &c.  between  E  and  K,  which  divide  the  length  EF, 
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SqMt  pnrti.  Thus  £  1  ia^  of  £F»  E  2  is  ^  and 
The  bow  b  drawn  lightly  ocrosB  die  cord  at  H»  and 
lag  is  stopped  faj  presting  it  with  the  finger  immedi- 
iboTe  the  frets,  but  not  so  hard  as  to  make  it  touch 
et  When  the  open  string  is  sounded,  it  gives  the 
nental  note.  If  it  be  stopped,  in  the  way  now  de- 
1,  at  |d  of  its  length  from  £,  it  yields  the  12th  of  the 
nentsl ;  if  stopped  at  ^th,  it  gives  the  double  octave ; 
th,  it  gives  the  17th  major,  &c.  In  short,  it  always 
he  note  corresponding  to  the  length  of  the  part  be- 
the  fret  and  the  note  £.  The  sounds  resemble  those 
pt,  and  are  indeed  the  same  with  those  known  by  the 
larMonsct,  and  now  executed  by  every  performer  on 
Dents  of  the  viol  or  violin  species.  But  in  order  to 
lethe  noise,  the  bridge  F  is  constructed  in  a  very  par- 
manner.  It  does  not  rest  on  the  sound-board  of  the 
nent  through  its  whole  breadth,  but  only  at  the  cor- 
«!(iere  it  is  firmly  fixed.  The  other  extremity  is  de- 
dxnityj^th  of  an  inch  from  the  sound-board ;  and 
m  bridge,  being  made  to  tremble  by  the  stroQg  vihoh 
the  thick  cord,  rattles  on  the  sound-board,  or  on  a 
vorj  glued  to  it.  The  usual  way  in  which  thb  ma- 
procured,  is  to  have  another  string  passing  under  the 
of  the  bridge  in  such  a  manner  that,  by  straining  it 
re  raise  the  comer  b  from  the  sound-board  to  the  pro^ 
ight.  This  contrivance  increases  prodigiously  th6 
F  the  instrument,  and  gives  it  somewhat  of  the  smart 
)f  the  trumpet,  though  very  harsh  and  coarse.  But 
s  the  attention  of  every  person  who  wishes  to  know 
ag  of  the  philosophy  of  musical  sounds,  and  we  shall 
re  say  as  much  on  the  subject  as  will  conduce  to  this 

eo,  as  we  have  observed  in  the  article  Txmfbbaiisnt, 

first  who  discovered  the  real  connection  between 

latics  and  music,  by  demonstrating  that  the  times  of 

rations  of  elastic  cords  of  the  same  matter  and  size, 
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andstietched  by  equal  wdghts,  are  proportisnal  to  the  lengtha 
of  the  strings.     He  inferred  from  this  that  the  musical  pitoh 
of  the  sound  produced  by  a  stretched  cord  depended  solely 
on  the  frequency  of  the  vibrations.     Moreover,  not  being 
able  to  discover  any  other  circumstance  in  which  those 
sounds  physically  resembled  each  other,  and  reflecting  that 
all  sounds  are  immediately  produced  by  agitations  of  air  act- 
ing on  the  ear>  he  concluded  that  each  vibration  of  the  cord 
produced  a  sonorous  pulse  in  the  air,  and  therefore  that  tb^ 
ptch  of  ofty  sound  whatever  depended  on  the  frequency  of 
the  aerial  pulses.     In  this  way  alone  the  sound  of  a  string, 
of  a  bell,  of  an  organ  pipe,  and  the  bellow  of  a  buU,  may 
have  the  same  {Htch.    He  could  not,  however,  demonstrate 
this  in  any  case  but  the  one  above  mentioned.     But  he  was 
encouraged  to  hope  that  mathematicians  would  be  able  to 
demonstrate  it  in  all  cases,  by  his  having  observed  that  the 
same  proportions  obtained  in  organ  pipes  as  in  strings! 
.  stretched  by  equal  weights;     But  it  required  a  great  pro* 
gress  in  mechanical  philosophy,  from  the  state  in  which 
€hdileo  found  it,  before  men  could  speculate  and  reason  cOn* 
eeming  the  pulses  of  air,  and  discover  any  analc^  between 
them  and  the  vibrations  of  a  string.     This  analogy,  how- 
ever, was  discovered,  and  its  demonstration  completed,  as 
we  shaU  see  by  and  by.   In  the  mean  time,  Gkilileo^s  demon- 
stration of  the  vibrations  of  elastic  cords  became  the  founda- 
tion of  all  musical  philosophy.     It  must  be  thoroughly  un* 
derstood  before  we  can  explain  the  performance  of  the  trum* 
pet  marine. 

The  demonstration  of  Galileo  is  remarkable  for  that  beau- 
tiful simplicity  and  perspicuity  which  distinguisl)  all  the 
writings  of  that  great  mechanician,  and  it  is  the  elementary 
proposition  in  all  mechanical  treatises  of  music.  Few  of  them 
indeed  contain  any  thing  more ;  but  it  is  extremely  imper- 
fect, and  is  just  only  on  the  supposition  that  all  the  matter 
of  the  string  is  collected  at  its  middle  point,  and  that  the  rest 
of  it  has  elasticity  without  inertia.  -  This  did  not  suit  the 
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Burite  knowledge  of  the  17th  century,  after  Huyghens 
d  Newton  had  given  the  wort4  a  taste  of  what  might  be 
De  bj  proiecuting  the  Galilean  mechanics.  When  a  mu- 
■1  oord  has  its  middle  point  drawn  aside,  and  it  is  strain- 
L  into  the  shape  of  two  strait  lines,  if  it  be  let  go,  it  will 
)  ofaaetred  not  to  vibrate  in  this  form.  It  maj  easily  be 
n  in  the  extremity  of  its  excursions,  where  it  rests,  before 
leCums  by  its  elasticity.  The  reason  is  this  (see  Plate  VI. 
f,  9.)  When  the  middle  point  C  of  the  cord  is  drawn 
idc^  and  the  cord  has  the  form  of  two  straight  lines  AC, 
B^  this  point  C,  being  pulled  in  the  directions  CA,  CB, 
ODoe^  ii/really  accelerated  in  the  direction  CD,  which  hi* 
bCi  the  angle  ACB ;  and  if  it  were  then  detached  from  the 
Btof  the  material  cord,  it  would  move  in  that  direction. 
at  any  other  point/  between  C  and  B  has  no  accelerating 
roe  whatever  acting  on  it  It  is  equally  pulled  in  the  dU 
ctions/C  and/B.  The  particle  C  therefore  is  obliged 
drag  along  with  it  the  inert  matter  of  the  rest  of  the  cord ; 
id  when  it  has  come  to  any  intermediate  ntuation  c,  the 
id  cannot  have  the  form  of  two  straight  lines  A  c,  c  B,  with 
e  partiele/  ntuated  in  /  This  particle  will  be  left  some- 
mt  bdund,  as  in  f,  and  the  cord  will  have  a  curved  form. 
e  #  B ;  and  in  this  form  it  will  vibrate,  going  to  the  other 
le^-  and  assuming,  not  the  rectilineal  form  ADB,  but 
e  eurved  form  A  )  B.  That  every  particle  of  the  curve 
c  c  y  B  is  now  accelerated  toward  the  axis  AB  is  evident, 
cause  every  part  b  curved,  and  the  whole  is  strained  te- 
nd A  and  B,  which  tends  to  strsuten  every  part  of  it  But 
order  that  the  whole  may  arrive  at  the  axis  in  one  mo- 
ent,  and  constitute  a  straight  line  AB,  it  is  evidendy  ne- 
that  the  accelerating  force  on  every  particle  be  as  the 
of  the  particle  from  that  point  of  the  axis  at  which 
arrives.  It  is  well  known  to  the  mathematician  that  the 
oelerating  force  by  which  any  particle  is  urged  towards  a 
ctilineal  position^  with  respect  to  the  adjoining  partides, 
proportional  to  the  curvature.    Our  readers,  who  are  not 
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familiar  with  such  discussions,  may  see  the  tnith  of  tUifin* 
damental  proposition  by  considering  the  whole  of  AcBm 
only  a  particle  or  minute  portion  of  a  curves  nMgn&dkja 
microscope.  The  force  which  strains  the  curve  waj  be  le- 
presentcd  by  r  A  or  AE.  Now  it  is  well  known  (and  is  ihi 
foundation  of  Galileo's  demonstration)  that  the  strahiingfine 
is  to  the  force  with  which  c  is  accelerated  in  the  directioaeB 
asActocDyorasAEtocDyoras AEtotwicecE.  NovcE 
is  the  measure  of  the  curvature  of  A  c  B,  being  itsdefledioi 
from  a  right  line.  .Therefore  when  the  stramii^  force  is  ths 
same  all  over  the  curve,  the  acceleraUng  force,  1^  which  anj 
portion  of  it  tends  to  become  straight,  is  proportiowl  to  the 
curvature  of  that  portion.  And  if  r  be  the  ndiusofadrde 
passing  through  A,  c,  and  fi,  and  coinciding  vith  this  d^ 
ment  of  a  curve,  it  is  plain  that  c  D  :  c  A  =  cA :  r,art!hsl 
the  radius  of  curvature  is  to  the  element  c  A  as  the  alead- 

cA* 

ing  force  to  the  accelerating  force ;  and  c  D  = ;  and  ii 

inversely  as  r,  or  directly  as  the  curvature. 

Hence  we  see  the  nature  of  that  curve  which  a  musical 
cord  must  have,  in  order  that  all  its  parts  may  arrive  at  the 
axis  at  once.  The  curvature  at  c  must  be  to  the  curvature 
aty  as  E  c  to  gf.  But  this  may  not  be  enough.  It  is  far- 
ther necessary  that  when  c  has  got  half  way  to  E,  tlie  cur- 
vature in  the  different  points  of  the  new  curve  into  whidi 
the  cord  has  now  arranged  itself,  be  also,  in  every  point, 
proportional  to  the  distance  from  the  axis.  Now  this  will  be 
the  case  if  the  extreme  curve  has  been  such.  For,  taking 
the  cord  in  any  other  successive  shape,  the  distance  which 
each  point  has  gone  in  the  same  moment  must  be  proportion* 
al  to  the  force  which  im}>elled  it ;  therefore  the  remaining 
ilistanccs  of  all  the  points  from  the  axis  will  have  the  same 
])roportions  as  before.  And  the  geometrical  and  evident  con« 
sequence  of  this  is,  that  the  curvatures  will  alsp  be  in  the 
same  proportion. 
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ThorefiNne  a  cord  that  is  once  arranged  ia  this  form  will 
iJhrajB  presore  it,  aad  will  vibrate  like  a  cydoidal  pendu*' 
kpB,  penfrpming  its  osoiUations  in  equal  times,  whether  they 
lui^wlie  or  narrow.  Tbexefore  since  thb  perfect  iaocbronism 
if  yijknAofm  is  all  diat  b  wanted  for  preserving  the  same 
murical  jntch  or  tone,  this  cord  will  always  have  the  same 
iMe. 

.  .  Tkif  prafywition  was  the  discovery  of  Dr.  Brooke  Tay- 
llTy  one  .of  tb0  ornaments  of  our  country,  and  is  published 
in  j^oelebfated  work  Mdhodm  IncremaUorunL  The  inves* 
^jption,  lipwever,  and  the  demonstration  in  that  work,  are 
10  dkiowe  and  so  tedious,  that  few  bad  patience  to  peruse 
^bwk  It  was  more  elegantly  treated  aflerwards  by  the 
BcmouBis  and  others.  The  curve  got  the  name  of  the 
Ttgflmttm  curve;  and  is  considered  by  many  eminent  mathe- 
linririaps  H  a  trochoid,  vw .  the  curve  described  by  a  point 
in  the  nana  jor  spoke  of  a  wheel  while  the  whpel  rolls  along 
s  ita^t  Kne.  But  this  is  a  mistake»  iJthough  it  is  allied 
U>  tlie  trochoid  in  the  same  manner  that  the  figure  of  sines 
is  allied  to  the  cycloid.  Its  physical  property  intitles  it  to 
the  name  of  the  haemonical  cdrvb.  As  this  curve  is  not 
mly  the  foundation  of  all  our  knowledge  of  the  vibration  of 
slastic  cords,  but  also  furnishes  an  equation  which  will  lead 
lie  mathematician  through  the  whole  labyrinth  of  aerial  un- 
hdatinna,  and  be  of  use  on  many  other  occasions ;  and  as 
he  first  mathematicianshave,  through  inattention, or  through 
■nstj  to  Dr.  Taylor,  affected  to  consider  it  as  the  trochoid 
Iready  well  known  to  themselves— we. shall  give  a  short  ac» 
ount  of  its  construction  and  chief  properties,  amplified 
irom  the  elegant  description  given  by  Dr.  Smith  in  his  Har- 
lonics. 

Let  SDTV,  QEBP  (Plate  VL  fig.  10.),  be  circles  dtscrib. 
d  round  the  centre  C.  Draw  the  diameters  QCB,  ECP, 
kitting  each  other  at  right  angles.  From  apy  p^nt  6  in 
le  exterior  circle  draw  the  radius  6C,  cutting  the  interior 
rcle  in  1%  draw  KHFI  parallel  to  QCR,  and  make  III, 
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HE,  each  equal  to  the  arch  E6.  Let  this  be  done  foreve- 
ly  point  of  the  quadrantal  arch  E6R.  The  pmnts  l^Kjin 
in  the  harmonic  curve  ;«that  is,  the  curve  AKDIB  pming 
through  the  points  K  and  I,  determined  by  this  coiHtni&- 
tion,  has  its  curvature  in  every  pmnt  K  proportional  to  the 
distance  EN  from  the  base  AB. 

To  demonstrate  this,  draw  FL  perpendicular  to  the  m^ 
and  join  EL.  Take  another  point  g  in  the  outer  circle  in- 
definitely near  to  6.  Draw  g  c,  cutting  the  inner  aide  in 
/,  and/  h  and//  perpendicular  to  DC,  CT,  and  join  £  L 
Then  suppose  two  lines  Em  itrin  perpendicular  to  the 
curve  in  K  and  k.  They  must  meet  in  m,  the  oortieof  the 
equicurve  circle.  Draw  EN  n  perpendicular  to  the  bise^ 
and  m  it  parallel  to  it,  and  join  k  n.  Lastly,  diftw  XL  x 
perpendicular  to  EL. 

It  is  plain  that  k  O,  the difierenoe of  HE  mdhk^  isequl 

to  6  g,  the  difference  of  6E  and  gB^  and  that  KO  ii 

equal  to  F  r,  and  L  /  to  r/  Also,  because  ELX  is  ax^ 

EL« 
angle,  EX  =  KC"' 

We  have  F  r  :  F/=  CL  :  CF,  =  CL  :  CD. 
Ff:Gg=  CD:CE. 

Therefore  F  r  :  G  g",  or  EO :  Ofc  =  CL  :  CE. 
The  triangles  ECL  and  k  OE  are  therefore  similar,  ai 
are  also  k  OE  and  E  n  m,  and  consequently  ECL  and  E  ffsi; 
and  because  EC  is  parallel  to  E  n,  EL  is  paraUel  to  K  «. 
For  the  same  reason  i  m  is  parallel  to  E^  and  the  triang^ 
£  /  X  and  m  E  itr  are  similar,  and 
L«:Ei  =  LE:Em 
and  L  «  :  E  Jt  =  EC  :  E  M.     But  farther, 
L  *  :  L  /  =  CE  :  EL 
L  / :  F/=EN  :  CD,  being  =  FL  :  FC 
F/:  Gg^=CD:  CE,being  =  F/:ifcO 
Gg^:E*  =  CE:EL,  being  =  ifcO  :Kk. 
Therefore  L  x  :  E  4  =  ENxCE  :  ELs  =  EN :  EX. 
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^        EXLE 
refbre  KN  t  EX  =  LE  :  K  m,  and  K  m  =     'g^    > 

EXCE 
9  :  EX  =  CE  :  K  n,  and  K  n  =     ]^    . 

he  very  narrow  vibrations  of  musical  cords,  CD  is 
ngly^mall  in  comparison  with  CE,  so  that  EX -EL, 
*CE)  may 9  without  sensible  error,  be  taken  for  CEs 
en  we  obtain  K  m  or  K  n  (which  hardly  difier) 

,  and  therefore  the  curvature  is  proportional  to  KN. 

lall  deviation  from  this  ratio  would  seem  to  shew  that 

dstruction  does  not  give  the  harmonic  curve  with  ac» 

But  it  is  not  so.     For  it  will  be  found,  that  al- 

tbe  curvature  is  not  as  KN,  it  is  still  proportional  to 
ce  which  any  particle  K  must  really  describe  in  order 
fe  at  the  axis.  These  paths  are  Unes  whose  curva* 
Sminish  as  they  approach  to  DC. 

see  1st,  that  the  base  ACB  of  the  curv^  b  equal  to 

didrcular  arch  QER. 

Also  that  the  tangent  EZ  in  any  point  K  b  perpendi^ 

9  EL. 

Ne  learn  that  the  curvature  at  A  and  B  is  nothing, 

ihese  two  points  KN  is  nothing. 

CE* 

The  radius  of  curvature  at  D  is  predsely  =  CD~' 

refore,  as  the  string  approaches  the  axis,  and  CD  di- 
es, the  curvature  diminishes  in  the  same  proportion^ 
brationB  therefore  are  performed  like  those  of  a  pen- 
in  a  cycloid,  and  are  isochronous,  whether  wide  or 
,  and  therefore  the  musical  pitch  is  constant 
s  is  not  strictly  true,  because  in  the  wide  vibratimis 
;ension  or  extending  force  is  somewhat  greater.  Hence 
lat  a  string  when  violently  twanged  sounds  a  little 
r  at  the  banning.  Dr.  Long  made  a  harpsichord 
strings  were  stretched  by  weights,  by  which  this  im- 
ion  was  removed, 
i  proper  to  exliibit  the  curvature  at  D  in  terms  of  the 
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length  AB,  and  of  the  greatest  excursioii  CD.  Thenfiice 
let  c  be  the  circumference  of  a  drde  whose  lUameter  ii  1. 
Let  AB  the  length  of  the  cord  be  r=  L,  and  let  CDtbe  ; 
breadth  of  the  vibration  be  &. 

We  had  a  little  ago  Diarz  ^^^  but  c  :  1  =  AB :  CS; 

AB  AB«  AB» 

andCE  =  — ,andCE"=r-^.  Therefore  Dairr^ir^^ 

L« 

We  can  now  tell  the  number  of  vibrations  made  in  a  tt* 
cond  by  a  string.    This  we  obtain  by  comparing  its  modoDi 
when  impelled  by  the  accelerating  force  which  acts  on  it, 
with  its  motion  when  acted  on  by  its  weight  only.    There- 
fore  let  L  be  the  length  of  a  string,  and  W  its  wd^  snd 
let  E  be  the  straining  weight,  or  extending  force.    Ld/be 
the  force  which  accelerates  the  particle  D  d  of  the  cord,  and 
w  the  weight  of  that  particle,  while  W  is  the  weight  of  the 
whole  cord.  Let  z  be  the  space  which  the  particle  D  d  would 
describe  during  the  time  of  one  vibration  by  the  uniform  ac- 
tion of  t)ic  force  f^  and  let  S  be  the  space  which  it  wooU 
describe  in  the  same  time  by  its  weight  w  alone.    Then 
(Dynamics,  No.  103.  cor.  6.)  the  time  in  which  /  would 
impel  the  particle  D  d  along  i  DC,  is  to  the  time  of  one  vi- 
bration as  1  :  c.    And  4  DC  is  to  2:  as  the  square  of  the  time 
of  describing  i  DC  is  to  the  square  of  the  time  of  descriUng 
r ;  that  is,  1  :  c«  =  i  DC  :  z,  and  c»  DC  =z  2  r. 
Now,  by  the  property  of  the  harmonic  curve, 
AB :  D  m  =  2  ^  :  AB 

ButDm:Drf=E:/ 

AndDrf:AB  =  tc:  W 

Therefore  2  rEw  =  AB/W 

And/:  w  =  22XE:ABxW 

But  w  :  /=  2  8:22: 

Therefore  2  S  X  E  =  AB  X  AV 

And  2  E  :  W  =  AB  :  S. 
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That  18,  a  miuical  chord,  extended  by  a  force  E,  performs 

one  i^bratum  DCV  m  the  time  that  a  heavy  body  describes 

a  space  S,  which  is  to  the  length  of  the  cord  as  its  weight  is 

ko  twice  the  extending  force. 

Now  let  jf  be  the  space  through  which  a  heavy  body  falls 

m  one  second,  and  let  the  time  of  vibration  (estimated  m 

parta  of  a  second)  be  T.    We  have 

AB:S  =  2E:W 

S:g  =  T*:l» 

Therefore  AB :g=:2  ET« :  W 

AndABx  W  =  T»  x8E  xg 

^1^      ^      rw.,      ABxW        ,_        /ABx  W 
Therefore  T»  =     g^  j^   ,  andT  =  V    g^  ^  ' 

Let  n  be  the  number  of  vibrations  made  in  a  second. 
I         /2  g.  E        /2gE 

If  Ae  length  of  the  cord  be  measured  in  feet,  2  g  is  very 
vmx)y  SSL    If  in  inches,  8  g  is  386,  more  nearly.    Theie- 

foie  »  =  i^TTTO-  or  ^TTTC"'  '^^^  ^^J  easily  be  compar- 
ed with  observation.  Dr.  Smith  hung  a  weight  of  7  pounds, 
ior  iS,000  grains,  on  a  brass  wire  suspended  from  a  finger 
-pin,  and  shortened  it  till  it  was  in  perfect  unison  with  the 
double  octave  below  the  open  string  D  of  a  violin.  In  this 
slate  the  wire  was  35,55  inches  long,  and  it  weighed  31 
grains. 

/364  X  49000 
Now  V  35  fefi  X  ai  ~  130,7  =  w.  This  wire,  there- 
fore, ought  to  make  130,7  vibrations  in  a  second.  Dr. 
Smith  proceeded  to  ascertain  the  number  of  aerial  pulses 
made  by  this  sound,  availing  himself  of  the  theory  of  the 
beats  of  tempered  consonances  invented  by  himself.  On  his 
fine  chamber  organ  he  tuned  upwards  the  perfect  fifths  DA, 
A  e,  t  ft,  and  then  tuned  downward  the  perfect  6th  e  d. 
Thus  he  obtained  an  octave  to  D,  which  was  too  sharp  by  a 
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comma,  and  he  found  that  it  beat  65  times  in  20  seoondfi 

65 

Therefore  the  number  of  vibrations  was  gQ  SI,  or  263^ 

These  were  complete  pulses  or  motions  from  D  to  V  lad 
back  agun,  and  therefore  contained  fiSd^  sudi  vibratioiii  u 
we  have  now  been  considering.  The  double  octave  bdow 
should  make  ^th  of  this,  or  131,6,  which  is  not  a  ooiii|iiete 
vibration  more  than  the  above  theory  requires:  more  accu- 
rate coincidence  is  needless  *. 

This  theory  is  therefore  very  completely  established,  and  it 

may  be  considered  as  one  of  the  finest  mechanical  problems 

which  has  been  solved  in  the  last  century.     We  mentiao  it 

with  greater  minuteness,  because  the  merit  of  I)r.  Taylor  is 

not  sufficiently  attended  to.  Mr.  Rameau,  and  the  other  great 

theorists  in  music,  make  no  mention  of  him ;  and  indh  is 

have  occasion  to  speak  of  the  absolute  number  of  vibiitiDDS 

made  by  any  musical  note,  always  quote  Mr.  Sauveiir  of  the 

French  academy.     This  gentleman  has  written  aome  veij 

excellent  dissertations  on  the  theory  of  music,  and  Sir  hue 

Newton  in  his  Princtpia  often  quotes  his  authority.     He  hai 

given  the  actual  determination  of  the  number  of  vibratiam 

of  the  note  C,  obtained  in  a  manner  similar  to  that  practised 

by  Dr.  Smith  on  his  chamber  organ, .and  which  agrees  et* 

tremely  well  with  that  measure.     But  Mr.  Sauveur  has  aL* 

so  given  a  mechanical  investigation  of  the  problem,  wbidi 

gives  the  same  number  of  vibrations  that  he  observed.    We 

presume  that  Rameau  and  others  took  the  demonstration  for 

good ;  and  thus  Mr.  Sauveur  (xisses  on  the  Continent  for 

the  distovcrcr  of  this  tlieorem.     But  it  was  not  published 

till  1716,  though  read  in  1713;  whereas  Dr.  Taylor's  d(»> 

monstration  was  read  to  the  Royal  Society  in  May  1714.  But 

this  demonstration  of  Mr.  Sauveur  is  a  mere  paralogism, 

where  errors  compensate  errors;    and  the  assumption  on 

which  he  proceeds  is  quite  gratuitous,  and  has  nothing  to 

*  The  coincidence  will  appear  still  more  accurate  if  the  proper  number  M 
be  used  instead  of  384  ^12  X  S*<2  in  the  calculation. 
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4d  with  the  milgect  Yet  John  Bernoulli,  from  enmity 
t»  Tajlor  and  the  En^ish  mathematidans,  takes  not  the 
noCioe  of  this  sophisticated  demonstration,  accommo- 
to  die  experiment,  and  so  devoid  of  any  pretensions 
l^wtfpBuanty  that  thb  severe  critic  could  not  but  see  its  &I- 

"^  Samrenr  was  one  of  the  first  who  observed  distinctly 
Aat  remailud>le  fact  which  Mr.  Rameau  made  the  founda- 
tion of  Us  musical  theory,  vur.  that  a  full  muacal  note  is 

by  its  octave,  its  twelfth,  and  its  seventeenth 
It  had  been  casually  observed  before,  by  Marsen* 
by  Femmlt,  and  others ;  but  Sauveur  tells  distmctly 
Id  make  the  observation,  and  affirms  it  to  be  true  in 
'aB'^Mp  notes.  Bameau  asserts  it  to  be  universally  and 
iMBiMril^  tme  in  all  notes,  and  the  foundation  ofall  fnun« 
oiiTfTlrtHlii  I 

It  iMMHtoen  discovered  before  this  time,  that  not  only  a 
liilI'Mle'aMised  its  unison  to  resound,  but  also  that  a  Itth, 
InniK  ionnded  near  any  open  string,  the  string  remmnded  to 
liialMi.    It  does  the  same  to  a  15th,  a  17th  major,  a  22d, 


'  Dffr  Wallis  added  a  very  curious  circumstance  to  this  ob- 
Sitintiuiii  Two  of  his  nupils,  Mr.  Noble  and  Mr.  Pigott, 
in  167S,  amusing  themselYes  with  these  resonances,  obsery- 
9tt  tiwt  if  a  small  \At  of  paper  be  laid  on  the  stringof  a  vio- 
fin  wbiA  is  made  to  resound  tb  its  unison,  the  paper  is  thrown 
eff;  a  proof  that  the  string  resounded  by  really  vibrating, 
nttd  that  it  is  thrown  into  these  vibrations  by  the  pulses  of 
Am  mr  produced  by  the  other  string.  In  like  manner  the 
paper  is, thrown  off  when  the  string  resounds  to  its  octave. 
Bat  the  young  gentiemen  observed,  that  when  the  paper  was 
kid  on  die  middle  point  of  the  string,  it  remiuned  without 
i^ptation,  aldiough  the  string  still  resounded.  They  found 
die  same  tlung  when  they  made  the  string  resound  to  its 
liUh :  iMipers  laid  on  the  two  points  of  division  lay  still,  but 
were  thrown  cS  when  laid  on  any  other  place.     In  short, 
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they  found  it  a  geoianl  nUe,  thai  {Mpm  laid  on  aiqr  fioiiili 
of  divimpii  cxMrreqpondiog  to  Ahe  note  wbidi  w§b  temnmi^f 
were  not  a^tated. 

Dr.  WaUis  (the  greatest  j;heg^i8t  in  ^vnuic/of  the  17tk 
tury)  j.M8tly  concluded  that  jtbeae  jmnts  of  ithe 
string  were  at  rest,  and  that  the  intermediate  parts 
ivbrating,  and  pvoduciDig  fhe  notes  conespondiag  to  dieir 
knigtbs. 

From  this  Mr.  Sauveur,  with  gicetf  propiiety ,  dedueed  the 
.  jtlbeofly  of  the  performanoex^theiu;iBipetniarine9|ihev]eU^ 
the  clavichord,  and  some  other  instruments. 

When  the  string  .of  the  trumpet  nyurine  jui  gentif  stoppied 
at  i,  SAd  the  tfom  drawn  lightly  across  it  ait  II  (Phte  VI. 
fig.  8),  the  full  yjibration  at  the  ^finger  is  .stcqqped,  bM  the 
string  is  thrown  into  vihrations  of  i|ome  ki«Ml>  vbidi  ariH 
either  be  destroyed  or  may  go  on.  It  is  of  impfHtlKr  to 
9ee  what  circumstance  wiU  permit  their^oontinuaooe. 

Suppose  an  elastic  cord  put  injU)  the  situation  ABGBE 
(Plate  VI.  fig.  U.)  such  that  AB,  BC,  CD,  D£»  ane  all 
eqMal,  and  that  BCD  is  a  straight  line.  Let  the  porat  C  be 
made  fast,  and  the  two  points  B  and  D  be  let  go  at  once. 
It  is  evident  that  the  two  parts  wtfl  iiff mediately  vibrate  in 
tWjp  hannonioal  curves  ABC  and  CDE,  which  will  chaege 
to  A  &  C  aoid  C  d'Ej  and  so  gn  alternately.  It  is  alap  evk 
dent  that  if  a  line  FCG  be  drawn  touching  the  curve  ABC» 
i(  will  also  touch  the  curve  CDE ;  and  the  Une  which  touches 
the  curve  A  i  C  in  C,  will  also  touch  thecurveCdE.  In 
every  instant  the  two  halves  of  the  cord  will  be  curves  iriiich 
have  a  common  tangent  in  the  point  C.  The  undoubted 
consequence  of  this  is,  that  the  point  C  will  not  be  afiected 
by  these  vibrations,  and  its  fixture  may  be  taken  away.  The 
cord  will  continue  to  vibrate,  and  will  give  the  sound  of  the 
octave  to  its  fundamental  note. 

The  condiuon,  then,  whicli  must  be  implemepted,  in  or- 
der that  a  string  may  resound  to  its  octave,  or  take  the  sound 
ef  its  octave,  is  simply  this,  that  its  two  parts  may  vibrate 
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BqoaU J  m  oppoflhe  dtrttotioM.  This  is  eiidtoUy  possible ; 
nsd  wi^wib^  how  is  drawn  acvoss  the  strnig^irf' die  trumpet 
BMnane  At  H,  and  irregubur  Yibratims  are  pnduoed  in  the 
wboie  strii^  tliose  which  happen  to  be  in  ebe  diraction  on 
bodi  sides  of  the  ^saddle  poiii  t»  whore  it  is  gently  stopped  by 
dki  finger,  will  detooy  cadi  other,  and  the  eonspiring  ones 
mil  be  instantly  produced^  and  thai  every  soeoeec£ng  ac- 
tkn  of  the  bow  will  increase  them. 

The  aame  thing  must  happen  tf  a  string  is  gently  stc^iped 
jItt.oiltthW  af  itt  i<pgth{  for' there  will  be  the  same  equili- 
lifkmMS  Ibppes  at  the  two  points  of  divinon,  so  that  the  fix* 
|piilis«f  tbaie  pcnnts  may  be  lenioved,  and  the  string  will  vi* 
iMbs  in  tfapse  parts,  soondii^  the  18th  of  the  fundamental 
VLWtlMy  obadiK  9f  by  the  way,  that  if  the  bow  be  drawn 
iiPii^haataiiif  at  one  of  the  points  of  diviuon,  connpoad^ 
hly  Jlijihil  flopping  ^  the  other  end  of  the  string,  it  will 
kllf^tf4llf^  ^f  ditlinct  note.  It  rattles,  and  is  intolerably 
xf^Sha  reason  is  phiin  t  The  bow  takes  some  hold  ot 
C»  inddrags  it  along  with  it  The  cord  on  each 
aUinf  C  is  kfit  bdiind,  and  therefoie  the  two  ounces  oaonot 
A4MMnon  tangent  at  C.  The  vibrations  into  which 
by  the  bow  destroy  eadi  other. 
fi^Wt  nalr  lise  why  the  trumpet  marine  will  not  sound 
note.  It  will  sound  none  but  such  as  correspond  to  a 
of  the  stiii^  into  a  number  of  equal  parts,  and  its 
'iriU  be  in  onison  with  a  string  equal  to  one  of  those 
|Mi^  Therefore  it  wiU.;frsl  of  all  sound  the  fundamental, 
Ij^ lis. whole  length; 

iTfA  Its  octave,  corresponding  to         -        {^  its  length. 
•a  The  12th,        -        -        -         .        f 
4w  The  16th,  or  double  octave^  i 

5.  The  17th, i 

6.  The  19th,        .        .        .        -         ^ 
*  7.  The  21st,  which  is  not  in  the  diatonic 

scale  of  our  music,        -  4' 

A  The  triple  ocUve,  or  22d        -  i 
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9.  Tbe  2Sd,  or  2d  in  the  sdle  ofdie 

triple  oetsre,  t  its  leagdi 

la  Tbe24di,orSdiiitliuicde, 

11.  The  SSth,  a  fidae  4ch  of  this  mle, 

12.  Tlie26th«  a  perfect  5th  of  thuidih^ 
IS.  The  27th,  a  fake  6tfa  of  ditto,  tt  =  A^r^ 

14.  The  28th,  a  fidie  7tfa  minor,  ^ 

15.  The  28th,  a  perfect  7th  major,         ^ 

16.  The  quadmple  octav^  -         iV 

Thus  we  fee  that  this  instrument  will  nc|t  execnte  aD 
music,  and  indeed  will  not  complete  any  octave,  twcame  it 
will  neither  pre  a  perfect  4th  nor  6th.  We  shall  ppeaenllj 
see  that  these  are  the  very  defects  of  the  trumpet. 

This  singular  stringed  instrument  has  been  deecribed  in 
this  detail,  duefly  with  the  view  of  prqiaring  us  for  under- 
standing the  real  trumpet  The  VisikLE,  SAiForajaoXy  or 
HoKDYCUSDT,  performs  in  the  same  manner.  While  the 
wheel  rubs  one  part  of  the  strii^  like  a  bow,  the  keysgeo^ 
ly  press  the  strings,  in  points  of  aliquot  dirinoOf  and  pio» 
du^  the  harmonic  notes. 

It  b  to  prevent  such  notes  that  the  part  of  harpsiclioid 
wires,  lyii^  between  the  bridge  and  the  jhos,  are  wn^iped 
round  with  list  These  notes  would  frequently  disturb  the 
music 

Lastly  on  this  head,  the  ^olian  harp  derives  its  vast  va» 
riety  of  fine  sounds  from  tUs  mode  of  ^hndon.  Seldom 
4o  the  chords  perform  th^  fundamental  or  rimple  vibra^ 
tions.  They  are  generally  sounding  some  of  the  harmonies 
of  their  fundamentals,  and  give  us  all  this  variety  'froa\ 
strings  tuned  in  unison. 
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Tatt  Mu»cal  Trumpet  is  a  wind  instrument  which  sounds 
hf  pnmng  the  closed  lips  to  the  small  end,  and  fordng  the 
irind  Ihiough  a  very  narrow  aperture  between,  the  lips. 
Thkb  ODe  of  the  most  andent  of  musical  instruments,  and 
liM  appMwd  in  all  nations  in  a  vast  variety  of  forms.    The 
coBcli  «f  the  savage,  the  horn  of  the  cow-herd  and  of  the 
postOMD^  the  bugle  horn,  the  lituus  and  tuba  of  the  Bomans, 
the  miliiiiy  trumpet,  and  the  trombone,  the  cor  de  chant  or 
rn— are  all  instruments  winded  in  the  same  man* 
ry'pradoeiiig  their  variety  of  tones  by  varying  the  man- 
fiiiee  of  blowing.    The  serpent  is  another  instru- 
flBOit  of  the  same  kind,  but  producing  part  of  its  notes  by 
wmum  of  boles  in  the  sides. 
JJlhDUgh  the  trumpet  is  the  amplest  of  all  mumcal  in- 
bdng  nothing  but  a  long  tube,  narrow  at  one 
and  wide  at  the  other,  it  is  the.  most  difficult  to  be  ex- 
phhifid     To  understand  how  sonorous  and  regulated  un- 
didatiDna  can  be  ezdted  in  a  tube  without  any  previous  vi* 
bntiaii  of  reeds  to  form  the  waves  at  the  entry,  or  of  holea- 
16  vary  the  notes,  requires  a  very  nice  attention  to  the  me- 
cftantam  of  jmal  undulations,  and  we  are  by  no  means  cer- 
tam  thai  we  have  as  yet  hit  on  the  true  explanation.    We 
are  eenaiii,  however,  that  these  aerial  undulations  do  not 
USaii  firam  those  produced  by  the  vibration  of-strings ;  for 
thcj  make  ttiings  resound  in  the  same  manner  as  vibrating 
cords  da    Gralileo,  however,  did  not  know  this  argument 

3 


602  Acousnci. 


for  his  assertion  that  the  musical  pitch  of  a  p^,  fike  lint 
of  a  cord,  depended  on  the  frequency  akne  of  the  and 
undulations;  but  he  thought  it  lughly  probalik,  fianln 
obsenrations  on  the  structure  of  organs,  that  the  nom  of 
pipes  were  rekted  to  their  lengths  in  the  same  numicr* 
those  of  wires,  and  he  expressly  makes  this  rcmarlL  New- 
ton, having  discovered  that  sound  moved  at  the  rateof  iboiit 
960  feet  per  second,  observed  that,  according  to  diecqRn- 
mentsofMr.Sauveur,  the  lengthen  an  open  pipe  is  half  die 
length  of  an  aerial  pulse.  This  he  could  easily  asootaiBbf 
dividing  the  space  described  by  sound  in  a  aecood  bj  Ae 
number  of  pulses. 

Danid  Bernoulli,  the  celebrated  prooioter  of  tht  Nev- 
Ionian  mechaincs,  discovered,  oi'  at  least  was  the  fint  «b 
attentivdy  marked,  some  other  cuncumstaooea  of  reM» 
Uance  between  the  undulations  of  the  air  in  pqpea  and  Ae 
vibratioDs  of  wires.    As  a  wire  can  be  made^  not  cnly  Is 
vibrate  in  its  full  length,  soundii^  its  fundamental  note^hBt 
can  also  be  made  to  subdivide  itself,  and  vibrate  fike  a  por- 
tion of  the  whole,  with  points  of  rest  between  the  vibrHiDg 
portions,  when  it  gives  one  of  its  harmonic  notes ;  to  a  pip 
can  not  only  have  such  undulations  of  air  going  on  witUii  it 
as  are  competent  to  the  production  of  its  fundamental  nole^ 
but  also  those  which  produce  one  of  its  harmonic  DOte 
Every  one  knows  that  when  we  force  a  flute,  by  bbwiif 
too  strongly,  it  quits  its  proper  note,  and  gives  the  oetan 
above.     Fordng  still  more,  produces  the  12th.     Then  we 
can  produce  the  double  octave  or  15th,  and  the  17th  rnqoTi 
&C.     In  short,  by  attending  to  several  circumstances  in  the 
manner  of  blowing,  all  the  notes  may  be  produced  fromoae 
very  long  pipe  that  we  produce  from  the  truospK  mame^ 
and  in  precisely  the  same  order,  and  with  the  same  ona^ 
sions  and  imperfections.     This  alone  is  almost  equivalent 
to  a  proof  that  the  mechanism  of  the  undulations  of  akr  ins 
pipe  is  analogous  to  that  of  the  vibrations  of  a 
cord.    Having  with  so  great  sucocas  investigated  die 
chaaian  of  the  partial  vibrationa  of  wiraa,  and  aim 
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Vad  of  iribntioiii  whidi'  we'  ahsH^  meAtilMi  sAorwatds,  in- 
mampmmSAf  mane  etuiDUB  and  more  important  m  the  philo* 
wafhj  of  fluiMBl  loundiB,  Mr.  Bernoulli  undertook  the  in- 
Witigatinn  of  those  more  mysteriouB  motions  of  air  whidi 
are  produced  in  pipes ;  and  in  avery  ingenious 


pabliskdin  the  memoirs  of  the  Academy  of  Paris  ibr  1762» 
Isa.  he  gives  a  theory  of  them^  which  tallies  in  a  wonderful 
■MHHMr  with  the  chief  phenomena  which  we  observe  in  die 
viild  instaimenu  of  die  flute  and  trumpet  kind.  We  are 
not,  however,  so  wdl  satisfied  with  the  truth  of  his  oisun^ 
liwii.isgpgeling  the  state  of  the  atr^aild'the  precise  form  of 
lUe uaduhNioiMi  which  he  assigns  toit)  but  we  see  that, 
■atfgilhsiaiMliiig'  aprobability  of  his  bemg  mistaken  in  these 

(it  is  with  giisat  deference  that  we  presume  to 
mistaken),  the  chief  propositions  are  still  thie ; 
liil  the  changes  fiom  note  to  note  mu^  be  produced  iii 
dim  oidmi  though  perhaps  not  in  the  precise  manner,  asagn- 
MlhyUsa. 

.  i|.i»  by  no  means  easy  to  conceive  with  denmess,  the 
is*  whbh  musicd  undulations  are  eldted  in  the  various 
trunpetst  Many  who  have  reputation  as  mechanic 
suppose  that  it  is  by  means  of  vibrations  of  the  lips, 
iBf  the  omie  manner  as  in  the  hautboy^  darionette,  and 
pipes  of  the  oigan,  where  the  air,  say  they,  is  pat  in 
by  the  trembling  reed.  But  this  explanation  is 
in  all  its  parts ;  even  in  the  reed  ppes  of  an  organs 
air  is  iiol  put  in  motion  by  the  reed&r  They  are  in- 
dbed)tfae  occomiu  ci  its  musical  undulation,  but  they  do  not 
impd  it  into  those  waves*  This  method  (and 
all  methods  but  the  -vibrations  of  wires^  bdls,  &e.) 
of  psoductng  sound  is  little  understood^  though  it  b  high- 
ly woeihy  of  notice^  bong"  the  origin  of  animal  voice,  and 
because  a  knowledge  of  it  would  enable  the  artists  to  en- 
IflKahi  us  with  sounds  hitherto  unknown^  send'  thus  add 
eoosidetnU]^  to  thia  gift  of  our  Bountiful  Father,  who  baa 
shewa^.  la  the  stnictare  of  the  laiynx  of  the  human  9pe^ 
aeS|  that  be  intended  that  we  should  enjoy  the  pleasures 
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of  music  as  a  bAanm  dtdot  Jadmau  He  has  there  phced 
a  micrometer  apparatusi  by  which,  oftitr  the  other  rnoKb 
haye  done  their  part  in  bringing  the  glottis  nearly  to  the 
tension  which  the  intended  note  requires,  we  can  evlji 
and  instantly,  adjust  it  with  the  utmost  luoety. 

We  trust,  therefore,  that  our  readers  will  indulge  m 
while  we  give  a  very  cursory  view  of  the  manner  in  wUdi 
the  tremulous  motion  of  the  glottis,  oa  of  a  reed  inanargn 
pipe,  produces  the  smiorous  undulations  with  a  ooDStaatcr 
uniform  frequency,  so  as  to  yidd  a  muncal  note. 

If  we  blow  through  a  small  jnpe  or  quill,  we  ptodooe  on- 
ly a  whizzing  or  hissii^  noise.  If,  in  blowing,  we  shut  the 
entry  with  our  tongue^  we  hear  something  like  a  sold  bknr 
or  tap^  and  it  is  accompanied  with  some  faint  pereeptiancC 
a  muncal  pitch,  just  as  when  we  tap  inth  the  fingeranoK 
of  the  holes  of  a  flute  when  all  the  rest  are  shut  We  are 
then  sennble  of  a  difference  of  pitch,  accordiiig  to  the  lengdi 
of  the  pipe ;  a  longer  pipe  or  quill  giving  a  graver  souni 
Here,  then,  is  like  the  beginning  of  a  sonorous  unduk&D. 
Let  us  consider  the  state  of  the  air  in  the  [npe :  It  was  fill- 
ed by  a  column  of  air,  which  was  moving  forward,  and  would 
have  been  succeeded  by  other  ur  in  the  same  state.  Thii 
air  was  therefore  nearly  in  its  state  of  natural  denuty.  Whea 
the  entry  is  suddenly  stopped  by  the  tongue,  the  included 
ur,  already  in  motion,  continues  its  motion.  This  it  gbd* 
not  do  without  growing  rarer,  and  then  it  is  no  longer  a  ba- 
lance for  the  pressure  of  the  atmosphere.  It  is  therefore 
retarded  in  its  motion,  totally  stopped  (being  in  a  rarefied 
state),  and  is  then  pressed  back  again^  It  comes  back  with 
an  accelerated  motion,  and  recovers  its  natural  density,  while 
the  state  of  rarefaction  goes  forward  through  the  open  ur 
Uke  any  ether  aerial  pulse.  Its  motions  are  somewhat,  but 
not  altogether,  like  that  of  a  spiral  wire,  which  has  been  in 
like  manner  moving  uniformly  along  the  pipe,  and  has  been 
stopped  by  something  catching  hold  of  its  hindermost  extre- 
mity.   This  spring,  when  thus  catched  behuQtdy  stretches  it- 
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l|if  a  fitd^  then  omtracts  fcyoml  its  natural  state,  and  then 
BgjnOf  quivering  seienil  times.  It  can  be  demon- 
thai  ttie  column  of  air  will  make  but  one  quiver, 
this  aocomplidied  in  the  hundredth  part  of  a  se- 
and  that  at  tluit  iimtant  the  toninie  is  removed  for  the 
InDdKdtn  part  \£  a  second,  and  agun  applied  (o  ihe  entry 
fff  At  pqpeb  It  is  plain  that  this  will  produce  such  another 
yiAM^  which  will  join  to  the  former  one,  and  force  it  out  in- 
tttliia  air,  and  die  two  pulses  together  will  be  like  two  pul* 
pmhioed  by  the  vibration  of  a  cord.  If,  instead  of  the 
we.sii^ypose  the  flat  plate  of  an  organreed  to  be 
ijltm  allsi'Batsly  applied  to  the  hole  and  removed,  at  the  ex* 
4HMnMBt8  ^at  the  renewals  of  air  are  wanted,  it  is  plam 
4mA  hhIjibH  have  wnorokt  undulations  c£ uniform  frequency, 

a  musical  uote.      This  is  the  way  in  which 

their  eflTect,  not  by  mpelling  the  air  into  alter* 

nf  motion  to  and  fro,  and  alternate  strata  of  rare- 

aondensed  air,  but  by  ^ving  them  time  to  acquire 

bj  the  combination  of  the  air^s  eksticity  with  its 

motion. 

'.  XImi  ad}ustment  of  the  succeeding  puff  of  air  to  the  pulse 
yMA  praoedes  it,  so  that  they  may  make  one  smooth  and 
VsgAm  pulse,  is  more  exact  than  we  have  jret  remarked ; 
liar  the  stoppage  of  the  hole  not  only  oecasiona  a  rarefaction 
tf^brwd,  but  by  checking  the  air  which  was  just  going  to 
9H/I»<i  OMdces  a  condensation  bddnd  the  door  (so  to  speak) ;  so 
dM,  when  the  passage  is  again  opened,  the  two  parcels  of 
dfeava  fitted  for  supporting  each  other,  and  forming  ooe 


>«gim|Kise,  in  the  next  place,  that  the  reed,  instead  of  oom- 
plslaty  shutting  the  bole  each  time,  only  half  shuts  it  The 
sanetiiiog  must  still  happen,  although  not  in  so  remarkable 
m.4l0greew  When  the  passage  is  contracted,  the  supply  is 
^ntbttsbed,  and  die  air  now  in  the  pipe  must  rarefy,  by  ad- 
vancing with  its  former  velodty.  It  must  ther^ore  retanT; 
by  retaiding,  regain  its  former  denmty ;  and  the  air,  not  yet 
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got  into  the  pipe^  must  oondflm^  be  And  if  the 
be  again  opoied  or  enUiged  in  the  praper  tine^vedBll 
have  a  complete  pube  of  oondented  and  nonefied  abr;  ad 
this  most  be  accompanied  by  the  haynning  of  n  amieilapli^ 
which  may  be  continued  hke  the  fonnaw 

ThiaiHU  be  a  softer  or  more  mellow  sole  dum  the  othtf^ 
for  the  condensed  and  the  rarefied  lur  will  not  be  89  soddady 
changed  in  their  densities.  The  dkferenee  wiD  be  Kks  ihi 
difference  of  the  notes  produced  by  drawing  a  quill  alsnglbs 
teeth  of  a  comb,  and  that  produced  by  the  equally  npdivi* 
brations  of  a  wire.  For  let  it  be  remarked  heft^  that  fluw- 
cal  notes  are  by  no  means  confined,  as  theorists  eoaiaMaly 
sufqposei  to  the  regular  cycloidal  agitations  of  asr,  saoh  asaiw 
produced  by  the  vibrations  of  an:  elastic  cord ;  biAdiBlSBji^ 
crack,  snap,  or  ndse  whatever,  when  repeated  with  snUoM 
frequency,  becomes  ipaofmio  a  musical  sounds  of  idhish  wecBB 
tell  the  pitch  or  note.  What  can  be  less  musical  dnni  ths 
solitary  cracks  or  snaps  made  by  a  stiff  door  when  veiy  slowlf 
<^ned  ?  Do  this  briskly,  and  the  creak  changes  to  a  dbiip^ 
of  which  we  can  tell  the  note.  The  sounds  will  be  hanh  or 
smooth,  according  as  the  snaps  of  which  they  areoompond 
are  abrupt  or  graduaL 

This  distinction  of  sounds  is  most  satisfactorily  confinn- 
ed  by  experiment  If  the  tongue  of  the  oi^gan  reed  is  quite 
flat,  and  if,  in  its  vibrations,  it  apply  itself  to  the  whole 
margin  of  the  hole  at  once,  so  as  completely  to  shut  it  (si 
is  the  case  in  the  old^hioned  regal  stop  of  the  organ),  tbe 
note  is  clear,  smart,  and  harsh  or  hard :  but  if  the  lips  ef 
the  reed  are  curved,  or  the  tongue  properly  bent  backward, 
so  that  it  applies  itself  to  the  edges  of  the  hole  jfradsfasi 
and  never  completely  shuts  the  passage,  the  note  may  have 
any  degree  of  mellow  sweetness.  This  remark  is  worth  the 
attention  of  the  instrument-makers  or  organ^builderB,  sad 
enables  them  to  vary  the  voice  of  the  organ  at  pleasure. 
We  only  mention  it  here  as  introductoiy  to  the  expknatksi 
of  the  sounds  of  the  trumpet. 
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^:We  Inifll'Ait  die  vender  mxw  pttcavei  bow  the  «,  pfo- 
iMfiiig  aloBg  a  pipe^  B17  be  put  m  die  state  of  alltfMie 
iMft  of  <lopJh«Md  and  lareflcd  air,  die  partidefl^  in  dM 
MM  ddle^  pgwefding  aloi^  die  pipe  widi  a  vtfy  nodcmle 
wArikj ;  whik  tfie  <lale  •fnniidaiiem  is  prapagated  at  the 
MeWdeten  or  twehre  hundred  feet  in  a  seeond ;  just  as 
we-  Mif  iwiiiiitiiai  h  see  a  stream  of  water  gliding  gendy  deim 
sHMhii^  while  a  wave  runs  along  itM  surftce  with  mueb  great- 
lii«|adilf. 

-iRwiDfieatly  asflist  the  inapnation,  ifweeompaietliese 
Mistijadnlatieaii  addi  die  imduladoos  of  water  in  an  open 
''While  the  water  is  flowing  smcKithly  along,  suppose 
thrust  up  from  the  bottom  quite  to  the  sur- 
heynond  it.  This  will  iranediatdy  cause  a  deprea- 
Mf^^llie  lower  side  of  the  sluice^  by  the  watei^s  fohig 
:,  and  a  heaping  up  of  the  water  on  the  other 
'Hj^liroperly  dming  the  motbn  of  this  shiioe  up  and 
dsMII^'^Me  can  produce  a  series  of  eenneeted  wares.  If  the 
dttarliertet  poshed  1^  to  the  surftoe,  but  oofyone^half 
»  tiiere  witt  be  the  same  succesoon  of  wares,  but  mudi 
',  iie.  be. 

It  is  in  this  states  though  not  by  such  means,  diat  the  air 
jreoiMfaied  in  a  sounding  trumpet  It  is  net  brought  into 
dda  sMe  by  any  tremor  of  the  hps.  The  mimpeter  some» 
frds  such  a  tremor ;  but  whenever  he  feels  it,  he  can 
sound  his  note.  His  lips  are  pmnAilly  tickled, 
apd  be  must  change  his  manner  of  winding. 

llVlien  blowing  with  great  delicaey  and  care,  the  deepest 
oelea  of  a  French  horn,  or  trombone^  we  sometimes  can^  feel 
fkt  uadlihfions  of  the  air  in  the  pipe  dtstinedy  flutlani^ 
Md  headag  against  die  lips ;  and  it  is  dMBeuk  to  hinder  the 
tpB  ftoD  bang  affiwted  l^  it:  but  we  feelpkmly,  that  it  is 
aol  tbcFlips  which  are  flutteri^,  but  the  air  before  them. 
We  fed  a  curious  instance  of  this  when  we  attempt  to  whis^ 
da  ia  concert  If  our  aebompanier  intonatee  with  a  certain 
dfjtgiee  off  incorrectness^  we  feel  something  at  our  own  Kps 
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which  makes  it  impossible  to  utter  the  intended  note, 
happens  veiy  frequently  to  the  person  who  is  whistEngthe 
upper  note  of  a  greater  third.  In  like  nuumer^  themdnli^ 
dons  in  a  pipe  re-act  on  the  reed,  and  check  its  TiindOBL 
For  if  the  dimensions  of  a  pipe  are  such  that  the  mdaii- 
tions  formed  by  the  reed  cannot  be  kept  up  in  the  pipe^or 
do  not  suit  the  length  of  the  pipe,  the  reed  will  cither  nit 
play  at  all,  or  inll  vibrate  only  in  starts.  This  is  fiadj  il^ 
lustrated  by  a  beautiful  and  instructive  experiment  Tske 
a  su&all  reed  of  the  vox  humana  stop  of  an  organ,  and  sK  itis 
a  glass  foot,  adapted  to  tlie  windbox  of  the  organ.  Instesd 
of  the  common  pipe  above  it,  fix  on  it  the  sliding  tobe  of  a 
small  telescope.  When  all  the  joints  are  thrust  down,  Uiudi 
the  key,  and  look  attentively  to  the  play  of  the  reed.  WUk 
it  is  sounding,  draw  out  the  joints,  making  the  ppe  eoBli* 
nually  longer.  We  shall  observe  the  reed  thrown  into 
strange  fits  of  quivering,  and  sometimes  quite  moCioiikfli 
and  then  thrown  into  wide  sonorous  vibrations,  aooordingas 
tlie  maintainable  pulse  is  commensurate  or  not  with  the  Vf 
brations  of  the  reed.  This  plainly  shews  that  the  air  is  not 
impelled  into  its  undulations  by  the  reed,  but  that  the  reed 
accommodates  itself  to  the  undulations  in  the  ]»p^. 

We  acknowledge  that  we  cannot  explain  with  distinct- 
ness in  what  manner  the  air  in  a  trumpet  is  first  put  into' 
musical  undulations.  We  see  that  it  is  only  in  very  loog 
and  slender  tubes  that  this  can  be  done.  In  short  tubes,  of 
considerable  diameter,  Uke  the  oow-herd^s  horn,  we  obtain 
cmly  one  or  two  very  indistinct- notes,  of  which  it  is  difficult 
to  name  the  pitch ;  and  tliis  requires  great  force  of  blast ; 
whereas,  to  bring  out  the  deep  notes  of  the  French  horn,  s 
very  gentle  and  well-regulated  blast  is  necessary.  The  form 
of  the  lips,  combined  with  the  force  of  the  blast,  form  all 
the  notes.  But  this  is  in  a  way  that  cannot  be  taught  by 
any  description.  The  performer  learns  it  by  habit,  Bxtdfed* 
that  the  instrument  leaps  into  its  note  without  him,  when 
he  gradually  varies  his  blast,  and  continues  sounding  the 
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MOne  note;  akhougfa  be,  in  the  memn  time,  makes  som^ 
■Mil  dias^  in  his  manner  of  blowing.  This  is  ewit^  to 
(ilgst  Mr.  fierooalli  observed.  The  tube  is  suited  only  to 
iiA  falsest  and  csh  JMdy  maintain  such  pulses  aa  corves* 
Ijo  aliquoC  parts  of  its  length :  and  when  die  embou- 
rjafcrynearly,  but  not  accurately,  si|ited  to  a  particn* 
llr  Mit%  Ihi^  laa^  firms  iudf  in  the  tiibe,  and,  resting  on 
(ib^l^fV^  titsngs  them  into  the  form  whidi  can  matnUun  it 
We  have  a  proof  of  thb  when  we  attempt  to 
Hii-isote  oorreqxmding  to  cme^seventh  of  (he  length. 
ikdifiMing  a  distinct  notion  of  this  note,  which  makes  no 
ipMNtf  «nir  scale  of  melody,  we  cannot  easily  prepare.ibr  it 
ii^4ti»tiay'  tiiat  hidnt  teadies  us  to  prepare  for  the  others: 
lllliMH^^NMDS  what  we  shall  nee  presently,  the  notes  ene- 
I^Btk'Imimm^ti^ah  are  both  familiar  to  the  mind,  and  eatt-p 
^  |Mia|«d.  When,  therefore,  we  attempt  to  produce  the 
nliti'ummmtK  ^^  ^^^^  against  our  will,  into  the  ^m-nodk 

.>^'|i|«ir^Mill^^pe  completely  illustrate  the  formation  of  must- 
flitjiuTsta  Jhy  waves  in  water.  A  canal  is  equally  suscepti- 
Wtii-mmtj  height  and  length  of  progresnve  waves ;  where- 
iiTMr  aee  that  a  certain  length  of  tube  wHl  maintain  only 
iMtaia  detennined  pulses  of  mr. 

We  must  therefore  content  ourselves  for  the  present  with 
Mning  learned,  by  means  of  the  reed  i^pes,  b6w  the  air 
]ttiy  €xist  progressively  in  a  tube,  in  an  alternate  state  of 

and  rarefaction ;  and  we  shall  now  {»roceed  to 
how  this  state  of  the  air  is  felated  to  the  length  of 
db  tube;  And  hdre  we  can  do  no  more  than  give  an  out- 
^te^of  Mr.  Bemoulh^s  beautiful  theory  of  flutes  and  trum- 
fiiAs^lnit  without  a  mathematical  examination  of  the  parti- 
aidnr  motions.  We  can,  however,  shew,  with  suffident  evi- 
dence^ how  the  different  notes  are  produced  fix>m  the  same 
nAie.  It  requires,  however,  a  very  steady  attention  from 
$hf  nuBufn  to  enable  him  to  perceive  how  the  different  por- 
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of  tUf  air  act  OB  CMdi  oibvv  WstnotdMAttbil 
now  bo  gifOB* 

TbfteaodiAom whidi nrortlio iBuJinniinl,  inirivii 
mmitoio  a  onMieal  poite,  on  two:  1.  Tluri^lbo  rim6m 
of  tho  dMfeiwrt  plirtes  of  air  bo  jjfmfmwmjl  iw  oqpdtini^ 
otherwiao  thojr  would  all  nix  and  oonfimnd  aach  alkifc 
fl.  Thai  thojr  nioTo  altogeCfaer,  all  ^^^^""^  and  Amti 
ing  at  thto  aamo  ioataiit  It  does  not  wppaoi  Aataiyalhl 
atate  of  ▼ibfotion  can  eriat  and  bo  loahrtoiaod. 

Thoodumnofair  inoUibemi^bo  oonndHodaiani^ 
tanal  firing  (haYing  we%ht  and  inortio),  TU$.  iprim  ii 
compioMed  and  ooilad  up  bjtbo  pnaauiw  of  lbaato» 
phaie.  ButintliiaooiieditatoitcanTihioaoinilidnaBit 
paitS)  as  a  long  qiiid  iriio  may  do^  though  pnaedi^fildf 
together  at  the  ends.  It  u  evident  that  tho  air  wUan  a 
pipei  ihut  at  both  ends,  may  bo  placed  in  aucbonMMM 
m  a  MKTKljf  ofwcgfif  that  it  will  inbiato  in  evoajpntltinlia 
same  manner  as  a  chord  of  the  same  length  ondM^ 
striuned  by  afoiee  equal  to  the  pressure  of  tho  atBaDi|AaA 
Thus,  in  a  shut  pipe  AB  (PUte  VIL  fig. !.)»  auppoaa  a  hn^ 
monie  curve  ACB,  <nr  a  wire  of  the  same  woighl  widi  lb 
air,  throwing  itself  into  the  form  of  this  curvo.  The  tal 
which  impels  the  point  C  to  the  aaus  is  to  that  which  iak 
pels  the  point  c  as  CE  to  c  e.  Now,  suppose  the  air  in  lUi 
{npe  divided  iirto  parallel  strata  or  plates,  cniasii^  the  tabs 
like  diaphragms.  In  order  that  these  may  vibrato  in  the 
same  manner  (not  across  the  tube,  but  in  tho  directionsf 
its  axis),  all  that  is  necessary  for  the  moment  ia,  that  thess- 
cess  of  the  pressure  of  the  stratum  d  d  abovo  that  of  the 
stratum //may  be  to  the  excess  of  the  pressure  of  DDabovs 
that  of  FF  as  c  e  to  CE.  In  this  case,  the  stratum  e  e  will 
be  accelerated  in  the  direction  €  f,  and  the  stratum  £E  » 
accelerated  in  the  same  direction,  and  in  the  due  pnpsr- 
tion.  Now  this  may  be  done  in  an  infinite  variety  of  waji 
fcfr  a  single  moment.  It  depends,  not  on  the  absohils  dsa* 
sity,  but  on  the  variatum  of  deosi^ ;  because  the  prsauit 
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■Mi  thp^prfwipefrf  tb^  distaiiee$  of  the  •djomiqg  psiti- 
0mJm  9mh  <H4»jaf  it>  But  ia  oider  t^ e^ifimie  tbts  nhm- 
4iir  in  ondflT  Ifait  it  Biay  lobtiua  91  oice  in  the  mkoh 
this  noriatiaii  aC  4«iiat]r  musit  cootiiii»e,  #iid  he  mwr4' 
||fiti9  MPf  i09PPifted  few^  This  ciiomBstsnee  gnenUy  li- 
fifH^%i^  ^pys  ki  which  tM  vihnlioii  may  be  kept  up.  Mr. 
XhMilrtiiJiQds  tbit-the  isoicbniiMum  and  ^cbionisni  can  be 
MMftWNV^  in  fthe  AiUowiiig  oaanner,  aiodinnoothertbatbe 

^  1^tt^Mft{f^h*d  VIL  %.3.)  bd  a  cylindrical  pipe,  i^utsit 
glmij!  ifpf  n  #t  g.  Then,  in  whaliever  roaaner  the  4Qiapd  is 
|PiiMl4«  tk^pipf^  llie  modulations  irf*  tb^  oootained  m 
ipiplittlir'ppftpmcd  AS  CblWs :  Jm  fL^h^fi  plate,  of  aif. 
NQli»|tol^irijUi.<iqp|^^  to,  and  recede  fnom,  the  shut  end 
lA^iiiblilpg  belp^ifn  ibe  situations  b  b  and  c  c,  the  whole 
irilMAPhkinig^  c,  mA  the  plale  will  vibioate  like  a  pendub- 
^HMMMVcMd*  Tbe  p^at^  we  svqppo^  the  excursions 
#4MN%Ae louder  wiU  the  90und  hei  biit  tbe  duration  of 
llWWiiiH  inwnf  be  tb^  i«ito»e,  to  iigree  with  tb^  fact  that  ibe 

lhe#anie.  The  motion  wiU  be  accelerated  in 
lo  aafir^m  dkher  side,  and  retarded  in  the  ra- 
\fcam  itt  I^t  us  next  oonnder  it  plate  #  «,  more  remote 
A*  It  nnist  make  miilaiP  vibrations  from  the  situa- 
twn##  to  ibe  rituatian  77*  But  these  vibrations  must  be 
im  proportion  as  the  plate  is  farther  from  A»  It 
ba  flunoeived  otherwise :  For  suppose  the  {date  •  « to 
IMika  tboMne  eaounionswith  a  a,  and  that  the  rest  do  the 
Tbe»  4hey  will  all  retwi  the  same  distances  from 
olJier  s  and  tfius  there  will  be  no  foree  whatever  aiding 
■0m  any  particles  to  make  them  vibrate.  But  if  every  paru- 
lln  make  excursions  proportional  to  its  distance  from  A,  the 
mfmUm  of  denaky  wiO,  ip  any  instant,  be  the  same  through 
An  wbde  (npe,  and  eadi  partide  in  the  vibrating  pUte  ^  (^ 
4rfU  Im»  aocelerated  or  retarded  in  pn^ortion  tp  its  distance 
£ryHn  A^  while  the  aocelemtions  and  retardatipns  overall 
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viDy  io  any  msttnty  be  prapottioBil  Id  die 

puticle  from  iu  place  of  ihL    All  thk  will  ijptT  tm  lie 

■MtbcinetifMn,  who  attentmlycnHkkn  aoj 

tuatioii  of  the  pertidet.    In  this  nmiier  all  the 

will  soppoit  eadi  other  in  their  Tibratioiit. 

It  follows  from  this  description  thai  diemr  in  the  tubals 
alternately  rarefied  and  oonAmsed.  Bat  these  chasBea  an 
▼eiy  diffmnt  in  different  parts  of  the  tobe  They  flwatbe 
greatest  of  all  at  A ;  because,  while  all  die  plates  a|i|maBb 
to  Ay  they  oonciir  in  condensing  the  ais  imuw  disfe  ly  adjoin* 
Ing  to  A ;  while  the  air  in  a  a  and  «  « is  less  casdensed  fay 
the  action  of  the  plates  beyond  it.  The  mr  at  B  ia  always 
of  its  natuFsl  density,  being  in  equilibrio  with  the  saRomsd- 
ing  air.  At  B,  therefore^  there  is  a  small  pared  of  air«  of 
iu  natural  den&ity,  which  is  alternately  going  in  and 

This  account  is  confirmed  by  many  facts.  If  the 
of  the  fNpe  be  shut  by  a  fine  membrane,  stretdied  acniaa  k 
fike  a  drumhead,  with  a  wire  stretched  oyer  it,  ether  cxfsfr> 
Daily  or  internally,  in  the  same  manner  as  the  catgut  is 
stretched  across  the  bottom  of  a  drum,  it  will  be  thnnm 
into  strong  vibrations,  making  a  very  loud  noise^  by  rattliiy 
against  the  cross  wire.  The  same  thing  happens  if  tlia 
membrane  be  pasted  over  a  hole  close  to  the  bottom,  hair* 
ing  a  small  space  round  the  edge  ci  the  hole  without  pastes 
so  that  the  membrane  may  play  out  and  in,  and  rattle  oa 
the  margin  of  the  hole.  This  also  makes  a  prodigious  ooisa 
Now,  if  the  membrane  be  pasted  on  a  hole  far  from  thebot- 
/  torn,  the  agitations  will  be  much  fmnter ;  and  when  the  bde 
is  near  the  mouth  of  the  pipe,  there  will  be  none.— When  a 
pipe  has  its  air  agitated  in  this  manner,  it  is  giving  the  low- 
est note  of  which  it  is  susceptible. 

JLet  us  next  consider  a  pipe  open  at  both  ends.  Let  CB 
(Plate  VII.  fig.  3.)  be  this  pipe.  It  is  pl^n  that,  if  there  be 
a  partition  A  in  the  middle,  we  shall  have  two  pipes  AB, 
AC,  each  of  which  may  undulate  in  the  manner  now  de- 
scribed, if  the  undulations  in  each  be  in  opposite  directiook 
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It  ia  evidendj  poBuble,  alscs  that  these  undulations  may  be 
the  same  in  point  of  strength  in  both,  and  that  they  may  be- 
ffn  in  the  same  instant  In  this  case,  the  air  on  each  side 
cf  the  partition  will  be  in  the  same  state,  whether  of  oonden- 
aation  or  rarefaction,  and  the  partition  A  itself  will  always 
be  in  equilibria  It  will  perfectly  resemble  the  point  C  of 
the  muucal  cord  BFC6H  (Plate  VII.  fig.  6.),  which  is  in 
•quifibrio  between  the  vibrating  forces  of  its  two  parts.  In 
the  pipe,  the  plates  of  air  on  each  side  are  either  both  ap- 
praaching  it,  or  bodi  receding  from  it,  and  the  partition  is 
either  equally  squeezed  from  both  sides,  or  equally  drawn 
outwards.  Consequently  this  partition  may  be  removed, 
and  the  parcels  of  air  on  each  side  will,  in  any  instant,  sup* 
port  each  other.  There  seems  no  other  way  of  conceiving 
these  vibrations  in  open  pipes  which  will  admit  of  an  ex- 
planatian  by  mechanical  laws.  The  vibrations  of  all  the 
plates  must  be  obtained  without  any  mutual  hindrance,  in 
order  to  ptoduce  the  tone  which  we  really  hear ;  and  there- 
fixe  aneh  vibrations  are  impressed  by  Nature  on  each  plate 
•fain 

But  if  this  explanation  be  just,  it  is  plain  that  this  pipe 
CB  must  give  the  same  note  with  the  pipe  AB  (Plate  VII. 
fig.  2.)  of  half  the  length,  shut  at  one  end.  But  the  sound, 
being  doubled,  with  perfect  consonance,  must  be  clear, 
■tiDDg,  and  mellow.  Now  this  is  perfectly  agreeable  to  ob- 
aervation ;  and  this  fact  is  an  unecjuivocal  confirmation  of 
the  justness  of  the  theory.  If  we  take  a  slender  pipe,  about 
six  inches  long  and  one  half  of  an  incli  wide,  shut  at  one 
cndy  and  sound  it  by  blowing  across  its  mouth,  as  we  whis. 
tie  on  the  pipe  of  a  key,  or  across  a  hole  that  is  close  to  the 
mouth,  and  formed  with  an  edge  like  the  sound-hole  of  a 
German  flute,  we  shall  get  a  very  distinct  and  clear  tone 
from  it.  If  we  now  take  a  pipe  of  double  the  length,  open 
at  both  ends,  and  blow  across  its  mouth,  wc  obtain  the  same 
note,  but  more  clear  and  strong.  And  the  note  produced 
bjr  blowing  across  the  mouth  is  not  changed  by  a  hole  made 

VOL.  IV.  2  K  ' 
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exactly  in  the  middle,  in  respect  of  its  rausiGal  pitehi  iL 
though  it  is  greatly  hurt  in  point  of  dearness  and  stia^ 
Also  a  membrane  at  this  hole  is  strcmgly  agiuCed.  AD  tkk 
is  in  perfect  conformity  to  this  mechanism. 

Thus  we  have,  in  a  great  measure,  explained  the  cfset 
of  an  open  and  a  shut  pipe.  The  shut  pipe  is  always  m 
octave,  graver  than  an  open  pipe  of  the  same  length;  bi< 
cause  the  open  pipe  is  in  unison  with  a  shut  pipe  of  hslf  the 
length. 

Let  AC  (Plate  VII.  fig.  4.)  be  a  pipe  shut  at  both  mk 
We  may  consider  it  as  composed  of  two  pipes  AB,  BC,  stop 
ped  at  A  and  C,  and  open  at  B.  Undulations  may  bepaw 
formed  in  each  half,  precisely  as  in  the  pipe  AB  flf  %  &; 
and  they  will  not,  in  the  smallest  degree,  obstruct  wch  other, 
if  we  only  suppose  that  the  plates  in  each  half  are^ifanlBBg 
at  once  in  the  9(me  direction.  The  condensation  in  AB  viil 
correspond  with  the  rarefaction  in  BC,  and  the  middle  pav 
eel  B  will  maintain  its  natural  density,  vibrating  to  sad 
again,  across  the  middle ;  and  two  plates  a  «,  «  «,  which  ire 
equally  distant  from  B,  will  make  equal  excursions  in  the 
same  direction. 

We  may  produce  sound  in  this  pipe  by  making  an  open* 
ing  at  B.  Its  note  will  be  found  to  be  the  same  with  thit 
of  BC  of  fig.  3.  or  of  AB  of  fig.  2. 

In  the  next  place,  let  a  pipe,  shut  at  one  end,  be  consider* 
ed  as  divided  into  any  odd  number  of  equal  parts,  and  kt 
tliem  be  taken  in  pairs,  beginning  at  the  stopped  end,  » 
that  there  may  be  an  odd  one  left  at  the  open  end.  It  ii 
plain  that  each  of  these  pairs  may  be  considered  as  a  pqpe 
stopped  at  both  ends,  as  in  fig.  4. 

For  the  {lartitions  will,  of  themselves,  be  in  equilibrio,  sad 
may  be  removed,  and  vibrations  may  be  maintained  in  the 
whole,  consistent  with  the  vibration  of  the  odd  part  at  the 
open  end ;  and  these  vibrations  will  all  support  each  other, 
and  the  plates  of  air  which  are  at  the  points  of  division  will 
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im^aiA  m  Wfft.  Condeire  the  pSpe  AB  df  %.  8.  lb  lie  added 
to  the  jupe  AC  of  fig.  4.  the  part  A  '6f  tlie  first  bcSiig  joined 
ft  A  of  ^Afe  tkh^.  Nb#,  Duppd^  the  TibVations  to  be  per- 
.iiMMd  IB  boilh,  in  sach  a  iDanher  that  the  simdtaneou^  tkn- 
dhilteionB  oh  each  tide  of  the  j  auction  may  be  in  o)pposite  di- 
MetScMUu  It  18  t)lain  that  the  partition  will  be  ih  equilibrio, 
iM  lUy  he  l-eindvied ;  and  the  plate  of  air  will  perform  the 
lAHte  dflteUe,  being  alternately  the  middle  plate  of  a  conden- 
^  ittfd  lof  a  rarefied  parcel  of  ait*.  The  two  pipes  CA«  AB 
irfll  together  give  the  samie  note  that  AB  would  have  givieii 
ttaH^  bat  knider. 

In  like  manner  may  another  pipie^  eqital  to  AC,  be  join- 
#i  to  the  shut  end  of  this  compound  pipe,  as  in  fig.  5.  and 
ite  tlMe  Will  still  give  the  saitae  note  tfiat  AB  would  have 
AfttAkAe. 

AvA  it  dife  same  manner  may  any  number  of  pipes,  each 
fequitf  to  AC^  be  added,  aiid  the  whole  will  ^ve  still  the 
MM  dMe  that  AB  would  have  given  alone. 

H^Mfe  it  legitimately  follows,  that  if  the  undulatiblis  cati 
te  Mbt  tegtiti  in  this  manner  in  a  jnpe,  it  may  give  either 
tli^  SMlId  dbmpetent  to  it,  as  a  sihgle  jpipe  AB  (Plht^  Vlt 
§1^.  8.)  i  or  it  may  give  the  sound  anhpetfeiit  to  a  pi|)e 
of  id,  T^h,  -rth,  &c.  of  its  length  ;  the  undulations  in  each 
port  AB,  BC,  CD,  maintaining  themselves  in  the  manner 
already  described.  This  seems  the  only  way  in  which  they 
can  be  preserved,  both  isochronous  and  synchronous. 

It  is  known  that  the  gravest  tones  of  pipes  are  as  the 
lettjths  of  the  pipes,  or  the  frequency  of  the  undul4tionsare 
inversely  as  their  lengths.  (This  will  be  demonstrated  pre- 
tently).  Therefore  these  accessory  tones  should  be  as  the 
did  tlumbers  3,  5,  7,  &c.  and  the  whok  tones,  ihcludin^ 
the  fundamental,  should  form  the  progression  of  the  odd 
mimbers  1,  3,  6,  7,  &c. 

This  is  abundantly  confirmed  by  experiment.  Take  a 
German  flute,  and  stop  all  the  finger-holes.     The  flute,  by 
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gradually  forcing  the  blast,  will  give  the  fimdamaital,  tbc 
18th,  the  17th,  the  21st,  &&* 

Again,  let  AD  (Plate  VII.  fig.  6.)  represent  the  kogCh 
of  a  pipe.  Construct  on  AD  an  harmonic  curre  AEBFC 
GHD,  in  such  a  manner  that  HD  may  be  «•  AB,  z=¥  BC, 
=  T  CH.  The  small  ordinates  m  n  will  express  the  tolsl 
excursion  of  the  plates  of  air  at  the  pmnts  m.ai,  kcsod 
those  ordinates  which  are  above  the  axis  will  cjipicas  excar- 
sions  on  one  side  of  the  place  of  rest,  and  the  ordinates  b^ 
low  will  mark  the  excursions  in  the  opposite  dicectioDS,  in 
the  same  manner  as  if  this  harmonic  curve  were  really  a  fi- 
brating  cord.  These  excursions  are  nothing  in  the  points 
A,  B,  C,  H,  and  are  greatest  at  the  points  £,  F,  6,  D, 
where  the  little  mass  of  idr  retains  its  natural  deaaty,  and 
travels  to  and  again,  condensing  the  air  at  B,  or  lanf  jing 
it,  according  as  the  parcels  £  and  F  are  approadung  to  or 
receding  from  each  other.  The  points  A,  B,  C,  H,  may  k 
called  Nodes,  and  the  parts  E,  F,  6,  D,  may  be  called 
Sights  or  Loops.  This  represents  very  well  to  the  eye  the 
motion  of  the  plates  of  air.  The  density  and  velodty  need 
not  be  minutely  considered  at  present.  It  is  enough  tbit 
we  see  that  when  the  density  is  increasing  at  A,  by  the  ap- 


*  A  little  reflection  will  teach  us  that  these  tonrswill  not  be  perfectly  in  the 
scale.  A  certain  proportion  between  the  diameter  and  len^h  of  the  pipepn^ 
duces  a  certain  tone.  Making  the  pipe  wider  or  smaller  flattens  or  shiipcv 
this  tone  a  little,  and  also  greatly  changes  its  clearness.  Organ-bnilden, «te 
have  tried  every  proportion,  have  adopted  what  they  found  besL  Thitit- 
quires  the  diameter  to  be  about  iVth  or  TTth  of  the  length.  Therefore,  vbn 
we  cause  the  same  pipe  to  sound  different  notes,  we  neglect  this  proportioa; 
and  the  notes  are  false,  aud  even  very  coarse,  when  we  produce  one  coneym^ 
ing  to  a  very  small  portion  of  the  pipe.  For  a  similar  reasons  Mr.  Lanbert 
found  that,  in  order  to  make  his  pitch-pipe  sound  the  octave  to  any  of  its  notef, 
it  was  notcufficifut  to  shorten  its  capacity  one-half  by  poshing  down  the  piltoo; 
he  found  that  the  part  remaining  most  be  less  than  the  part  taken  off  by  t  fil- 
ed quantity  lyV  inches.    Or,  the  length  which  gave  any  note  being  4r,tba 

J  5 

length  for  its  octave  must  be  — „ 
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proBch  of  the  parcel  £,  it  is  diminishing  at  B  by  the  recess 
of  E  and  F ;  and  increasing  at  C,  by  the  approach  of  F  and 
G,  and  diminishing  at  H  by  the  recess  of  6.  In  the  next 
▼ibration  it  will  be  diminishing  at  A  and  C,  and  increasing 
at  B  and  H.  And  thus  the  alternate  nodes  will  be  in  the 
mme  state,  and  the  adjoining  nodes  in  opposite  states. 

The  reader  must  carefully  distinguish  this  motion  from 
the  andulatoiy  motion  of  a  pulse,  investigated  by  Newton. 
That  undulation  is  going  on  at  the  same  time,  and  is  a  ruuU 
of  what  we  are  now  con^dering,  and  the  cause  of  our  hearing 
diis  undulation.  The  undulation  we  are  now  considering  is 
the  (MTiginal  agitation,  or  rather  it  is  the  soukdivg  body,  as 
nudi  as  a  vibrating  string  or  bell  is ;  for  it  is  not  the  trurn* 
pet  that  we  hear,  but  the  air  trembling  in  the  trumpet.  The 
trumpet  n  performing  the  office,  not  of  the  string,  but  of 
the  pin  and  bridge  on  which  the  string  is  strained.  This  is 
an  important  remark  in  the  philosophy  of  musical  sounds. 

Theie  is  yet  another  set  of  notes  producible  from  a  pipe 
betides  those  which  follow  in  the  order  of  frequency  1,  3,  5, 
7}  fte* 

Suppose  a  pipe  open  at  both  ends,  sounding  by  blowing 
aeron  the  end,  and  undulating,  as  already  described,  with 
a  node  in  the  middle  A  (Plate  VII.  fig.  3.)  If  wc  still  ex- 
press the  fundamental  note  of  the  pipe  AB  of  Plate  VII. 
fig.  2.  by  1,  it  is  plain  that  the  fundamental  of  an  open  pipe 
of  the  same  length  will  have  the  frequency  of  its  undula- 
tions expressed  by  2;  because  an  open  pipe  of  twice  the 
length  of  AB  (Plate  VII.  fig.  3.)  will  be  1,  the  two  pipes 
AB  (fig.  S.),  and  CB  (fig.  3.),  being  in  unison. 

But  this  open  jnpe  may  be  made  to  undulate  in  another 
manner ;  for  we  have  seen  that  AB  of  Plate  VII.  fig.  2. 
joined  to  CA  of  fig.  4.  may  sound  altogether  when  the  par- 
tition A  is  removed,  still  giving  the  note  of  AB  (fig.  2.) 
Let  such  another  as  AB  (fig.  2.)  be  added  to  the  end  C,  and 
let  the  partition  be  removed.     The  whole  may  still  undo- 
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late,  and  still  produoe  the  same,  note ;  Ihaft  U|  m  pipe  «pi 
at  both  ends  mfy  sound  a  note  whiob  ia  the  fuDdamaattl  of 
a  pipe  like  AB  (fig«  2),  but  onlj  ono»fourth  of  ita  Icag^ 
The  pipe  CB  of  fig.  a  may  thus  be  supposed  to  be  &iM 
into  four  equal  parU,  C£,  EA,  AE,  FB,  of  which  tiM  ei- 
trenie  parts  EC  and  FB  contain  undu]ationB.suiiilactollKie 
in  AB  (fig.  2i) ;  and.  the  two  middle  parts  oontain  induli- 
tions  like  those  in  C A  (fig.  4.),  The  portitiona  at  E  and  F 
may  be  removed^  because  the  und|ulationa  in.  Kfil  and  BA 
Willi  support  each  other,  if  they  are  in  opposite  dreccioiu; 
and'  those  in  FB  and  FA  may  support  each  olhsB  id  the 
same  manner. 

It  must  here  be  remarked,  that  in  this  state  offnnduhtkNi 
the  dirc<;tion  of  the  agitations  at  the  two  extremitiiaistlK 
same ;  for  in  the  middle  piece  EF  the  parliclea areUHmg 
one  way,  condensing  the  air  at  E,  while  tbey  rarify  it  atF. 
Therefore,  while  the  middle  parcel  i&  moving  fiDon.BlD* 
wards  F,  the  air  at  B  must  be  moving  towards  F,  and  tbe 
air  at  C  must  be  moving  from  £.  In  short,  the  air  at  dis 
two  extremities  must,  in  every  instant,  be  moving  in  the  op 
posite  direction  to  that  of  the  air  in  the  middle. 

In  like  manner,  if  the  pipe  CB  of  Plate  VIL  Sg.  &  bs 
divided  into  six  parts,  the  two  extreme  parts  may  undulats 
like  AB  of  fig.  2.  and  the  four  inner  parts  may  undulate  Kk^ 
twp  pipes,  such  as  C  A  of  fig.  4.  and  the  whole  will  give  tha 
sound  which  makes  the  fundamental' of  a  pipe  of  one-sizth 
of  the  length,  or  having  the  frequency  6. 

We  mav  remark  here,  that  the  simultaneous  moUon  of 
the  air  at  the  extremities  is  in  opposite  directions,  wh^ress 
in  the  last  case  it  was  in  the  same  direction.  This  is  easily 
seen  ;  for  as  the  partition  which  is  between  the  two  middle 
pieces  must  always  be  in  equLlibrio,  the  air  must  be  coohi^. 
in  or  going  out  at  the  extremities  together.  This  ciroam- 
stance  must  give  some  sensible  diilisrence  of  character-  to  the 
sounds  4*  and  6.  In  the  one,  the  agitations  at  each  end-  of 
the  tube  are  in  the  same  direction,  and  in  the  other  they 
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an  in  the  opponte.  Both  produce  pulses  of  sound  which 
■n  coovcjed  to  the  ear.  Thus  we  see  that  the  air  in  a  pipe 
opm  St  both  ends  may  undulate  in  two  ways.  It  may  un- 
dnhlii  with  a  node  in  the  middle,  giving  the  note  of  AB 
(Phrte  VIL  fig.  2.),  or  of  its  3d,  5th,  7th,  be.  past;  and. 
il  wmj  undulate  with  a  loop  or  Ught  in  the  middle,  sound- 
ing like  4>  it  t>  iic.  of  AB,  fig.  S. 

In  like  manner  may  this  pipe  produce  sounds  wboae  fre- 
qoensy  are  expressed  by  8,  10,  &c.  and  proceed  as  the 
evi^  simbefB. 

Thb  /tate  of  agitation  may  be  represented  in  the  same 
way  that  we  represented  the  sounds  1,  3,  5,  &c.  by  con- 
atnicting  on  AM  (Plate  VII.  fig.  7.)  an  harmonic  curre, 
with  any  number  of  nodes  and  loops.  Divide  the  parts 
AV,  KD,  DE,  £M,  equally  in  C,  O,  P,  B.  CB  will 
oonaipand  to  the  ^pipe,  and  the  ordinates  to  the  curre 
OFHDLBN  will  express  the  excurnons  of  the  plates  of 


If  the  pipe  gives  its  fundamental  note,  its  length  must  be 
wpiisaiutod  by  CO,  and  the  undulations  in  it  will  resegible 
dm  vibratboB  of  part  CO  of  a  cord,  whose  length  AD  is 
efwd  to  SCO,  and  which  has  a  node  in  F. 

If  the  pipe  is  sounding  its  octave,  it  will  be  represented 
fay  CP,  and  its  undulations  will  resemble  the  vibrations  of  a 
cord  CP,  whoee  length  A£  is  4.  of  CP,  having  nodes  at  F 
andD,  iec.  See. 

We  can  now  ace  the  possibility  of  such  undulations  exist- 
ia§  in  a  pipe  as  will  be  permanent,  and  produce  all  the  va- 
neiy  of  notes  by  a  mere  change  in  the  manner  of  blowing, 
and  why  these  notes  are  in  the  order  of  the  natural  num<« 
hersy,  pracisely  as  we  observe  to  happen  in  winding  the 
ttampet  or  F^nch  bom.  We  Intve,  Iff,  the  fundamental 
eaprtaaeJ  by  1 ;  then  the  octave  8;  then  the  )2th  3;  the 
dbuMs  octave  4;  then  the  third  major  of  that  octave  5,  or 
17tli  ef  the  fundamental;  then  the  octave  of  the  I9tky  at 
the  Ml  of  this  double^  ostave,.  r:  6.    We  then  jump  to  the 
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triple  octave  8,  without  produoDg  the  intermediate  aouni 
corresponding  to  fth  of  tlie  pipe.  With  much  attention  le 
can  hit  it ;  and  it  is  a  fact  tliat  a  person  void  of  muiial 
ear  stumbles  on  it  as  easily  as  on  any  other.  But  the  nua- 
cian,  finding  this  sound  begin  with  hum^  and  his  ear  fadog 
grated  with  it,  perhaps  thinks  that  he  is  mistaking  bis  cb- 
bouchure,  and  he  slides  into  the  octave.  After  the  trqdeoo* 
tave,  we  easily  hit  the  sounds  corresponding  to  j-  and  -^ 
which  are  the  8d  and  3d  of  this  octave.  The  next  note  Vr 
is  sharper  than  a  just  4th.  We  easily  produce  the  note  18^ 
which  is  a  just  5th  ;  13  is  a  false  6th ;  14  is  a  sound  of  m 
use  in  our  music,  but  easily  hit ;  15  and  16  give  the  exact 
7  th  and  8th  of  this  octave. 

Thus,  as  we  ascend,  we  introduce  more  notes  into  every 
octave,  till  at  last  we  can  nearly  complete  a  very  U^  o^ 
tave ;  but  in  order  to  do  this  with  success,  and  toIenUe 
readiness,  we  must  take  an  instrument  of  a  very  low  pitdi, 
that  we  may  be  able  nearly  to  fill  up  the  steps  of  the  octave 
in  which  our  melody  lies.  Few  players  can  make  the  Fiendi 
horn  or  trombone  sound  its  real  fundamental,  and  the  oc- 
tave is  generally  mistaken  for  it  The  proof  of  this  is,  thit 
most  players  can  give  the  5tli  of  the  lowest  note  that  thej 
are  able  to  produce;  whereas  the  5th  of  the  real  funda- 
mental cannot  be  uttered.  Therefore  that  lowest  note  is 
not  the  fundamental,  but  the  octave  to  the  fundamental 

Few  performers  can  sound  even  this  second  octave  on  a 
short  instrument,  such  as  the  ordinary  military  trumpet; 
and  what  they  imagine  to  be  the  fundamental  sound  of  this 
instrument  is  the  double  octave  above  it.  This  ajj^qpears 
very  strange ;  and  it  may  be  asked,  how  we  know  what  is 
really  the  fundamental  note  of  a  trumpet?  The  answer  to 
this  is  to  be  obtained  only  by  demonstrating,  on  mechanicsl 
principles,  what  is  the  frequency  of  undulation  correspond- 
ing to  a  given  length  of  pipe.  This  is  a  proposition  equal- 
ly fundamental  with  its  corresponding  one  in  the  theory  of 
musical  cords ;  but  we  have  reserved  it  till  now,  because 
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many  readers  would  stop  short  at  such  an  investigation,  who 
wttm  dUe  to  understand  com|detely  what  we  have  now  delivcr- 
•dflopceming  the  music  of  the  trumpet 

Suppose  therefore  a  pipe  shut  at  both  ends,  and  that  the 
whole  weight  of  the  contained  air  is  concentrated  in  its  mid- 
dle point,  the  nest  retaining  its  elasticity  without  inertia; 
«r  (which  is  a  more  iMScurate  conception),  let  the  middle 
point  be  ooDoeived  as  extending  its  elasticity  to  the  two  ex- 
tremities of  the  fHpe,  being  repelled  from  each  by  a  force  in- 
vmely  as  the  distance.  Let  the  length  of  this  pipe  be  L. 
This  may  also  express  the  weight  of  the  middle  plate  of  air, 
which  will  always  be  proportional  to  the  lengtli  of  the  pipe, 
because  all  is  supposed  to  be  concentrated  there.  Let  E  be 
the-  ebsdcity  of  the  air.  This  must  be  measured  by  the 
presMire  of  the  atmosphere,  or  by  the  weight  of  the  column 
of  anercufjin  the  barometer.  Perhaps  the  rationale  of  this 
will  be  better  conceived  by  some  readers  by  considering  £ 
as  the. height  of  a  homogeneous  atmosphere.  Then  it  is 
pUn  that  E  is  to  L  as  the  weight  of  this  atmospheric  co- 
lamn  to  the  weight  of  the  column  of  the  same  eir  which  fills 
Che  pipe  whose  length  is  L.  Then  it  is  also  plain  that  E  is 
to  L  as  the  external  pressure,  and  consequently,  as  the 
daaticity  which  supports  that  pressure  is  to  the  weight  or 
inertia  of  the  matter  to  be  moved.  Let  this  middle  plate  or 
ffiaphngm  be  withdrawn  from  its  place  of  rest  to  the  very 
small  distance  a.  The  elasticity  or  repulsion  will  be  augment- 
ed on  one  side  and  diminished  on  the  other;  and  the  difierence 
between  them  is  the  only  force  which  impels  the  diaphragm 
toward  the  middle  point,  and  causes  it  to  vibrate,  or  pro- 
duces the  undulaUon.     It  is  plain  that  the  repulsion  on  one 

iL  L 

wdeis  ,  j^_g  X  E,  orj^_^^  E  (for^L  —  a  :  4L  rr 

f LE  \  .  4L 

E  :  .  j^      g)^  and  the  repulsion  on  the  other  nde  is  xj^  i  J 

'  L  . 

X  E9 or  j^  4.gg  £•    The  difierence  of  these  repulsions  is 
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E  X  L  X  L^_4a?*    But  as  we  suppose  a  exceedk^ 


small  in  comparison  with  L>  tbis  dbSenmee^mt 

4a  E 

ing  force,  may  safely  be  expressed  by  E  "J^,  or  4  a  1J. 

Hence  we  deduce,  in  the  first  ptMe^  thai  lh«  uodnUoBS 
will  be  isochronous,  whether  wide  or  aairow ;  becane  thr 
accelerating  force  ts  always  pioportioBBl  to  the  dulnoe  a 
from  the  middle  point. 

Now,  let  a  pendulum,  whose  quantity  ef  matter  is  L,iDi 

length  0,  be  supposed  to  vibrate  in  a  cydkiid  hy  the  fafce 

4a  4E 

'■r~E  or  ~j^  a.     It  must  perform  its  vibratiooi  in  the 

same  time  with  the  plate  of  air;  because  the  moviag  ftne^ 
the  matter  to  be  moved,  and  the  space  along  whicb  ikiej  m 
to  be  similarly  impelled,  are  the  same  in  both  casea.  hd 
another  pendulum,  having  the  same  quantity  of  aiatter  I^ 
vibrate  by  its  weight  L  alone.  In  order  tluit  these  twi 
pendulums  may  vibrate  in  equal  times,  their  lengths  noH 

be  as  the  accelerating  forces.     Therefore  we  must  have~r' 

fl  :  L  =  a  :  j-j^  =  ^^^  which  is  therefore  the  length  of 

the  synchronous  pendulum. 

Now,  a  cord  without  weight  and  inertia,  but  loaded  with 
the  weight  L  at  its  middle  point,  and  stnuned  by  a  weigbt 
E,  and  drawn  from  the  axis  to  the  distance  a,  is  preciiely 
similar  in  its  motion  to  the  diaphragm  we  are  now  oonauk^ 
ing,  and  must  make  its  oscillations  in  the  same  time. 

This  is  applicable  to  any  number  of  plates  of  air,  by  sub- 
stituting in  the  cord  a  loaded  point  for  each  of  the  plates ; 
ibr  when  the  case  is  thus  changed,  both  in  the  pipe  and  the 
cord,  the  space  to  be  passed  over  by  the  plate  of  air  bears 
the  same  proportion  to  a,  which  is  passed  over  by  the  whole 
air  concentrated  in  the  middle  point,  which  the  space  to  be 
passed  over  by  the  corresponding  loaded  point  of  the  cord 
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bears  to  dial  pancd  orcr  hj  the  whole  uMtex  of  the  cord 
itnited  in  the  middle  point ;  and  the  saBie  e(|KiaUty  of 
obtMiis  in  the  aeoekrating  forces  of  the  plate  of  air 
die  eorreapondiag  kaded  point  of  the^  eot d.  Suppose, 
ihea^  a  pipe  divided  into  2,  3,  4,  &c.  equal  p(irts»  by  >,.  2y,  3, 
dHaphn^Dis,  eaeh  of  whiek  contains  the  m  of  the  iaterveok 
ibg  povUon  of  the  pipe,  the  whole  weight  L  b^i^  equally 
divided  among  them.  If  there  be  but  one  dii^rapn,  ii^ 
wvigbl  must  be  L ;  if  twoi.  ihc  weight  of  eaeh  must,  be  f  L ; 
if  thiee^  the  weight  of  eachj  murt  be  f  L.;  aadsaoBifeira&y 
■iunbar. 

Bf  considering  this  attentively,  we  may  infer,,  without 
Aalhev  investigation^  what  will  be  the  undulationaef  aU  the 
phiSes  of  air  in  a  pipe-  stopped  at  both  ends.  We 
eatylo  compare  it.  with  a  cord  similarly  divided  and 
kmdeciL  Inevease  die  number  ofi  loaded  points^  and  dimi« 
aish*  the  bad:  on-  eaob^  oonlanually««-it  is  evident  that  this 
Ssnninatas.  in  the  case- of  a  simple  cord,  with  its  matter  uni- 
iMPHst^  dHffused ;  and*  a*simple  pipe,  with,  it&aip also  iiniform* 
Ij^  dHhsad'  over  its  whole  length. 

TbeMfcne,  if  we  take  an  elastio  cord,  and  stretch  it  b; 
aaoh-a^  weight  that  the  extending  weight  may  bear  (be  same 
pnpmtion  to  the  accelerating  force  acting  on  tibe  whole  maU 
tap  ooncantrated  in  its  middle  point,  which  the  elasticity  of 
the  auT' bears  to*  its  accelerating  force  acting  on  the  whole 
matter  ooncentrated  at  die  mouth  of  an.open  pqw»  sounding 
its  fundamental  note,  the  cord  and  the  air  willvibcate  in  the 
•ame-  time.  Moreover,  since  the  pixiportion.  between-  the 
libraftions  of  aicord'so  constituted,  and  those  of  a  cord  having 
its- matter  unifbnnly  diffused,  is  the  same  with.tiie  ppc^n* 
tion  between  the  undulations  in  a  pipe  so.  constituted,  and 
those  of  a  pipe  in  which  the  air  is  uniformly  diflPuaedp-it  is 
plain' that  the  vibrations  of  the  cord  and  of  the  p^iein:  theic 
natuml  •  state  will  also  be  performed  in  equal  times. 

We  look' on  this  as  the  easiest  way-  ofobtnningatdistinct 
perception  oftbe  authority  on  wbicli  we<  rest  our  hnowledgo 
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of  the  absolute  number  of  undulations  of  the  air  in  a  piperf 
given  length.  It  may  be  obtained  directly ;  and  Tharl 
Bernoulli,  Euler,  and  others,  have  given  very  elegant  aob- 
tions  of  this  problem,  without  having  recourse  to  the  anilD> 
gy  of  the  vibrations  of  cords  and  unduIaticHis  of  acotumnof 
ur.  But  it  requires  more  mathematical  knowledge  tinn 
many  readers  are  possessed  of  who  are  fully  aUe  to  fiDlloir 
out  this  analogical  investigation. 

Let  us  therefore  compare  this  theory  with  fHHtiiifnt 
What  we  call  an  open  pipe  of  an  oi^gan  is  the  same  wli^ 
we,  in  this  theory,  have  considered  as  a  pipe  open  at  both 
ends ;  for  the  opening  at  the  foot,  which  the  oigaaJxiiUas 
call  the  VOICE  of  the  pipe,  b  equivalent  to  a  complete  open- 
ing.  The  aperture,  and  the  sharp  edge  which  divides  the 
wind,  may  be  continued  all  round,  and  the  wind  •^twittyl 
by  a  circular  slit,  as  is  represented  in  Plate  VII.  fig.  10.  We 
have  tried  this,  and  it  gives  the  most  brilliant  and  dear  tooa 
we  ever  heard,  far  exceeding  the  tones  of  the  oi^an.  An 
open  organ  pipe,  therefore,  when  sounding  its  fundamental 
note,  undulates  with  one  node  in  its  middle,  and  its  unduLh 
tions  are  analogous,  in  respect  of  their  mechanism,  to  the 
vibrations  of  a  wire  of  the  same  length,  and  the  same  weight, 
with  the  column  of  air  in  the  pipe,  and  stretched  by  a  weight 
equal  to  that  of  a  column  of  the  same  air,  reaching  to  the 
top  of  a  homogeneous  atmosphere,  or  equal  to  the  weight 
of  a  column  of  mercury  as  high  as  that  in  the  barometer. 

Dr.  Smith  (see  Harmonics^  2d  edit  p.  193.)  found  thats 
brass  wire,  whose  length  was  35,55  inches,  and  weight  31 
troy  grains,  and  stretched  by  7  pounds  avoirdupois,  or  49000 
grains,  was  in  perfect  unison  with  an  open  organ  pipe  whose 
lengtli  was  86,4  inches. 

Now  86,4  inches  of  this  wire  weighs  75,34  grains.  When 
the  barometer  stands  at  SO  inches,  and  the  thermometar  at 
55°  (the  temperature  at  the  time  of  the  experiment),  the 
height  of  a  homogeneous  atmosphere  is  332640  inches.  This 
has  the  same  proportion  to  the  length  of  the  pipe  which  the 
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pressure  of  the  atmoqihere  has  to  the  weight  of  the  column 
of  «b  oontaiiied  in  the  pipe. 

Now  86,4  :  S32640  =  75^  :  890060.  This  wire,  there- 
fine,  should  be  stretched  (if  the  theory  be  just)  by  290060 
grains,  in  order  to  be  unison  with  the  other  wire,  and  we 
should  have  .  .  .  35,55' :  86,4' =  49000 :  290060 
But,  in  truth,    .     .     .     S5,55<  :  86,4<  =  49000  :  2894S0 

The  difference  is 630 

The  error  scarcely  exceeds  ^i^  and  does  not  amount  to  an 
error  of  one  vibration  in  a  second. 

We  must  therefore  account  this  theory  as  accurate,  see- 
ing that  it  agrees  with  experiment  with  all  desirable  exact- 


We  may  also  deduce  from  it  a  very  compendious  rule  for 
delerniining  the  absolute  number  of  aerial  pulses  made  by 
an  opea'|upe  of  any  given  length.  When  considering  the 
▼ibrations  of  cords,  we  found  that  the  number  of  vibrations 

^..i.^.  «  «  ^^^^  ..  ^    ■^  ,  where  E  is  the  extending 

weight,  W  the  weight  of  the  cord,  and  L  its  length.     Let 

H  be  the  height  of  a  homogeneous  atmosphere.    We  have 

HW  HW 

its  weight  =  "^j  =  E.     Therefore  substitutmg  — j^  for 

£  in  the  above  formula,  we  have  the  number  of  aerial  pul- 

,                   ^         /S86H            V  385TI      T^ 
made  per  second  =z  v      it   >  or  = j- — •     JNow 

^S86H,  computed  in  inches,  is  11331.  Therefore,  if  we 
also  measure  the  length  of  the  pipe  L  in  inches,  the  pulses 

11331       ^.        .     ^ 
in  a  second  are  =  — r—  •      Thus,  m  the  .case  before  us, 

1133!  .  ,  ,      . 

-gg-jj^  =  131,12,  or  this  pipe  produces  131  pulses  in  a  se- 
cond. Dr.  Smith  found  by  experiment  that  it  produced 
130,0,  differing  only  about  ith  of  a  pulse*. 

*  ■*  In  the  preceding  rule,  Professor  Robiaon  contideri  the  number  of 
pukes  as  equal  to  the  number  of  vibrations  performed  by  the  air  in  the  pipe* 
aad  determines  the  number  of  vibrations  by  extending  to  an  open  pipe  the 
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We  tee  thftt  the  pkch  of  a  pipe  itpniE  on  tte  fari^tf 
the  homogeneous  atmoftphere.  Tbii  wmy  Ttrj  bj  ariwy 
of  tenpeFBlure.  When  the  «r  b  woMMr  k  expndii  rtid 
the  weight  of  the  induced  oolumB  k  knetted,  irliile  it  itil 
carries  the  same  pressare.  Therefore  the  pittsh  suit  m. 
Dr.  Smith  fiyund  his  organ  a  full  <|uarter  tone  Ugber  lA 
aier  than  in  winter.  The  eflect  of  this  is  often  ftk  it 
certs  of  wind  instruments  with  stringed  instrumeBll  Tte 
heat  which  sharpens  the  tone  of  the  first  flattens  die  ImL 
The  harpsichord  soon  gets  out  of  tune  with  the  holBS  iOA 
flutes. 

Sir  Isaac  Newton,  comparing  the  rdocity  of  sMilid  with 
the  number  of  pulses  made  by  a  pipe  of  given  logthf  ob^ 
served  that  the  length  of  a  pulse  was  twice  the  kBgdi  of  the 
open  pipe  which  produced  it.  Divide  the  spMe  pMMl<mf 
in  a  second  by  the  number  of  pulses,  and  we  oblnA  die 
length  of  each  pulse.  Now  it  was  found  that  a  pipe  of  tl.9 
inches  produced  262  pulses.  The  velocity  of  sound  (as  cooi- 
puted  by  the  theory  on  which  our  investigation  of  the  undo- 

960  X  12 

lations  in  pipes  proceeds)  is  960  feet.     Now ggg — =44 

inches  very  nearly,  the  half  of  which  is  22,  which  hardly  dif- 
fers from  21,^.  The  difference  of  this  theoretical  velodty 
of  sound,  and  its  real  velocity  1 142  feet  per  second,  renuum 
still  to  be  accounted  for.  We  may  just  observe  here,  tbat 
when  a  pipe  is  measured,  and  its  length  called  21,9,  we  do 
really  allow  it  too  little.  The  voice-hole  is  equivalent  to  a 
portion,  not  inconsiderable  of  its  length,  as  appears  veiy 
clearly  from  the  experiments  of  Mr.  Lambert  on  a  variable 

formula  whicli  he  liad  previously  fbunil  for  the  ▼ibrattoni  of  a  string.  Nov 
a»  that  fbmnila  expresies  the  single  vibrations  of  a  striog,  the  extensioii  of  it 
roust  express  the  namber  of  single  Tibratioos  of  the  ah*  in  a  pipe,  and  eoue- 
quently  give  double  the  number  of  pulses.  If  this  rule  b«  applied  to  the  et- 
ample  giren  iu  the  second  next  paragraph,  it  will  be  found  to  give  double  the 
uumbtT  of  pulses  mentioned  there  by  that  philosopher."— Edik»uiob  Eiict- 
CLOPiEoiA,  Art  Acoustics,  Chap.  III. 
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ifBf  and  on  the  Gcnaaa  flute,  recorded  in  the  Berlui 
n  fcr  1775.  He  found  it  equivaleDt  Id  itb ;  and  this 
sent  for  reconciiing  these  nieasures  of  a  pulse  with 
1  velocity  of  sound. 

deCennination  which  we  have  given  of  the  undul»> 
f  air  in  an  organ  |Mpe  is  indirect,  and  is  but  a  sketch 
beautiful  theory  of  Daniel  fiemouUi,  in  which  he 
•rith  accuracy  the  precise  undulation  of  each  plate  of 
ith  in  respect  of  poation,  density,  velocity,  and  ditec- 
*its  notioo.     It  is  a  jdeasure  toobserve  how  the  di& 
equations  coincide  with  those  which  express  the  vibi^ 
if  an  elastic  cord.    But  this  would  have  taken  up 
room,  and  would  not  have  been  suited  to  the  infor- 
k  of  many  curious  readers,  who  can  easily  follow  the 
f  reasoning  which  we  have  employed. 
.  BeniouUi  applies  the  same  theoiy  to  the  explanation 
I  wdulations  in  flutes,  or  instruments  whose  sounds 
ndified  by  holes  in  the  sides  of  the  jHpe.    But  this  is 
1  to  our  purpose  of  explaining  the  mumc  of  the  trumpet, 
iidl  only  observe,  that  a  hole  made  in  that  part  of  a 
rfaere  a  node  should  form  itself,  in  order  to  render 
3able  the  undulations,  competent  to  a  particular  note. 
Its  its  formation,  and  in  its  place  we  only  get  such  un- 
cms  (and  their  corresponding  sounds)  as  have  a  loop  in 
dace.    The  intelligent  reader  will  peroeive  that  this 
drcumstance  will  explain  almost  every  phenomenon 
Kes  with  holes ;  and  also  the  efl*ects  of  holes  iniostru- 
with  a  reed  voice,  such  as  the  hautboy  or  clarionette. 
i  now  see  that  the  sound  or  musical  pitch  of  a  pipe  is 
ely  as  its  length,  in  the  same  manner  as  in  strings. 
we  learn,  by  comparing  them,  that  the  sound  of  a^ 
lel  has  the  same  pitch  vnth  an  open  organ  pipe  of  the 
length.    A  French  horn,  16  feet  long,  has  the  sound 
Ml,  which  is  also  the  sound  of  an  open  flute«pipe  of 
ngth. 

le  TmoMBOxE,  great  trumpet,  or  SACxainr,  is  an  old 
iment  described  by  Mersennus  and  other  authors  of 
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the  last  century.  It  has  a  part  which  slides  (air«tiglit)  mtb- 
in  the  other.  By  this  contrivance  the  pitch  can  be  altered 
by  the  performer  as  he  plays.  This  is  a  great  improvement 
when  in  good  hands ;  because  we  can  thus  correct  all  tbe 
false  notes  of  the  trumpet,  which  are  very  oflTenuTe,  when 
they  occur  in  an  emphatical  or  holding  note  of  a  piece  of 
music.  We  can  even  employ  this  contrivance  for  filling  up 
the  blanks  in  the  lower  octaves. 

We  must  not  take  leave  of  this  subject  without  taking 
notice  of  another  discovery  of  Mr.  Bernoulli^  which  is  ex- 
ceedingly curious,  and  of  the  greatest  importance  in  the 
philosophy  of  music. 

Artists  had  long  ago  observed  that  the  deep  notes  of  mu- 
sical instruments  are  sometimes  accompanied  by  their  har- 
monic sounds.    This  is  most  clearly  perceived  in  bells,  some 
of  which  give  these  harmonics,  particularly  the  ISth,  almost 
as  strong  as  the  fundamental.     Musicians,  by  attending 
more  carefully  to  the  thing,  seem  now  to  think  that  this  ac- 
companiment is  universal.     If  one  of  tbe  finest  sounding 
strings  of  the  bases  of  a  harpsichord  be  struck,  we  can  hear 
the  12th  very  plainly  as  the  sound  is  dying  away,  and  the 
17th  major  is  the  last  sound  that  dies  away  on  the  ear. 
Thb  will  be  rendered  much  more  sensible,  if  we  divide  the 
wire  into  five  parts,  and  at  the  points  of  division  tie  round 
it  a  thread  with  a  fast  knot,  and  cut  the  ends  off  very  short. 
This  makes  the  string  false  indeed  by  the  unequal  loading; 
but,  by  rendering  those  parts  somewhat  less  moveable  by 
this  additional  matter,  the  portions  of  the  wire  between  these 
points  are  thus  jogged,  as  it  were,  into  secondary  vibrations, 
which  have  a  more  sensible  proportion  to  the  fundamental 
vibration.     This  is  still  more  sensible  in  the  sound  of  the 
strings  of  a  violincello  when  so  loaded ;   but  we  must  be 
careful  not  to  load  them  too  much,  because  this  would  so 
much  retard  the  fundamental  vibration,  without  retarding 
the  secondary  vibrations,  that  both  cannot  be  maintained 
together.     (JST.  B,  This  experiment  always  produces  a  beat 
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in  the  aound).— -Listening  to  a  fine  sounding  flute-pipe  of 
the  organ,  we  can  also  very  oflen  perceive  the  same  thing. 
Mr.  Rameau,  and  most  other  theorists  in  music,  now  assert 
that  this  is  the  essence  of  a  musical  sound,  and  necessarily/ 
in  all  pf  them,  distinguishing  them  from  harsh  noises. 
lu  has  made  thb  the  foundation  of  his  system  of 
musicy  asserting  that  the  pleasure  of  harmony  results  from 
the  successful  imitation  of  this  harmony  of  Nature.  But  a 
little  logic  should  convince  these  theorists  that  they  must 
be  mistaken.  If  a  note  is  musical  because  it  has  these 
accompaniments,  and  by  this  composition  alone  is  a  mu- 
sical note,  what  are  these  harmonics  ?  Are  they  musical 
notes  P  This  is  granted.  Therefore  they  have  the  same 
tOKopomtian ;  and  a  musical  note  must  consist  at  once  of 
every  possible  sound  ;  yet  we  know  that  this  would  be 
ajarrii^  noise.  A  little  mathematics,  too,  or  mechanics 
wnould  have  ccmvinced  them.  A  simple  vibration  is  surely 
a  most  possible  thing,  and  therefore  a  simple  sound.  No, 
my  the  theorists ;  for  though  the  vibration  of  the  cord  may 
be  ftmfde,  it  produces  such  undulations  in  the  air  as  excite 
m  us  the  perception  of  the  harmonics.  But  this  is  a  mere 
asiertion,  and  leaves  the  question  undecided.  Is  not  a  sim- 
ple undulation  of  the  air  as  possible  as  the  simple  vibration 
ofaoordP 

It  is,  however,  a  very  curious  thing,  that  almost  all  mu- 
rical  sounds  really  have  this  accompaniment  of  the  octave, 
18th,  double  octave,  and  17th  major ;  for  these  are  the  har- 
monics that  we  hear. 

The  jealousy  of  Leibnitz  and  of  John  Bernoulli,  and 
their  unfriendly  thoughts  respecting  all  the  British  mathe- 
matidans,  made  John  Bernoulli  do  every  thing  in  his 
power  to  lessen  the  value  of  Dr.  Taylor^s  investigation  of 
the  vibration  of  a  musical  cord.  Taylor  gave  him  a  good 
opportunity.  Perhaps  a  little  vain  of  his  investigation  of 
this  abstruse  matter,  he  thought  too  much  of  it  He  affirm- 
ed that  the  harmonic  curve  was  the  essential  form  of  a  string 

VOL.  IV.  2  L 
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giving  a  musical  note.  This  was  denied,  without  kmmng 
at  first  whether  it  was  true  oc  false.  But  as  the  analytic 
mathematics  improved,  it  was  at  length  found  .that  thoeaie 
an  infinity  of  forms  into  which  an  elastic  cord  ca&  be  thnmii 
which  areconsistentboth  with  isochronous  vibratioiiB,  wbtttar 
wide  or  narrow,  and  also  with  the  condition  of  the  whole 
cord  becoming  a  straight  line  at  once.  Euler,  D^AIcmiMrt, 
and  De  la  Grange,  have  prosecuted  this  matter  with  gtmX 
ingenuity,  and  it  is  one  of  the  finest  problems  of  the  premt 
day. 

Daniel  Bernoulli,  of  a  very  different  cast  of  mind  finm 
his  ilhistrious  friends,  admired  both  Newton  and  Taylor; 
and  so  far  from  wishing  to  eclipse  Dr.  Taylor  by  the  ad- 
ditions he  had  made  to  his  theory,  tried  whether  he  could 
not  extend  Taylor^s  doctrine  as  faf  as  the  author  had  slid. 
When  he  took  a  review  of  what  he  had  done  while  expUii- 
ing  the  partial  vibrations  of  musical  cords,  he  thought  it 
very  possible  that  while  a  cord  is  vibrating  in  three  portioiKi 
with  two  nodes  or  points  of  rest,  and  sounding  the  18th  to 
its  fundamental,  it  might  at  the  same  time  be  also  vibratii^ 
as  a  simple  cord,  and  sounding  its  fundamental  note.  It 
was  |)0S6ibIe,  he  thought,  that  the  three  portions  might  be 
vibrating  between  the  four  points  with  a  triple  frequencj, 
while  the  two  middle  nodes  were  vibrating  across  the  straight 
line  between  the  two  pins ;  and  thus  the  vibrating  cord 
might  be  a  moveable  axis,  to  which  the  rapid  vibrations  of 
the  three  parts  might  always  be  referred.  This  was  veiy 
specious  ;  and  when  a  little  more  attentively  considered, 
became  more  probable :  for  if  the  cord  A  /i  B  y  C  r  D  (Plate 
VII.  fig.  8.)  be  vibrating  as  a  12th  to  its  fundamental  AD, 
the  points  B  and  C  are  in  equilibrio.  If  therefi^re  these 
two  points  be  laid  hold  of  by  hooks,  and  be  drawn  aside  to 
$  and  r,  while  the  string  is  yet  vibrating,  this  should  not 
hinder  the  vibrations.  If  the  hooks  be  annihilated  in  an  in- 
stant, the  whole  should  vibrate  between  A  and  D;  andthb 
should  be  in  a  way  very  difierent  from  the  simple  vibnitioD. 
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The  quettioii  now  is,  itill  the  cord  contintie  to  vibrate  with 
the  loops  /I «  y,  /I  f  y,  &e.  in  the  900th  part  of  a  second  (for 
instance,)  while  the  whole  string  vibnites  from  A  /i  y  D  to 
A  #'  y  D  in  the  300th  part  of  a  second?  or  will  it  at  once 
acquire  the  form  of  the  simple  harmonic  curve  ?  The  case 
m  wUoh  it  is  most  likely  to  take  the  latter  mode  of  vibration 
is  whra  the  points  /i  and  y  tare  let  go  at  the  instant  that  each 
portion  of  the  strii^  is  in  the  middle  of  its  vibration,  and 
therefore  forms  the  line  A  /i  y  D.     But  a  moments  conside- 
ntion  will  shew  us  that  it  cannot  do  this ;  for  at  that  instant 
the  poiBt  c,  for  instance,  which  had  come  from  9,  is  moving 
outwards  with  a  most  rapid  motion,  and  therefore  will  con- 
tinue  to  go  outward,  while  /i  and  y  are  approaching  the  axis. 
The  point  10,  on  the  contrary,  is  at  this  moment  approach- 
nig  the  axis  with  a  motion  equally  rapd.      They  cannot 
Uierefocc.iril  come  to  the  axis  at  once,  and  the  vibration  must 
lliAr  gMidy  from  a  simjde  one.     On  the  other  hand,  let  it 
be  supposed  that  both  species  of  vibrations  can  be  preserved, 
and  that,  at  the  moment  of  letting  go  the  points  fi  and  y, 
the  oocd  has  the  form  A  nt  /S  9  7  n  D.     Then,  when  fi  and  y 
have  come  to  B  and  C,  having  mad^  f  a  vibration,  the  point 
fli  will  be  in  the  axis,  having  made  a  vibration  downward, 
and  a  half  vibration  upwards,  f ,  in  like  manner,  is  in  the 
aads,  having  made  a  whole  vibration  upwards,  and  half  a  vi- 
iMtloii  downwards,     n  is  like  m.    Thus  the  whole  comes  to 
the  sOAa  at  once ;  and  in  such  a  manner,  that  if  the  points 
B  and  C  were  instantly  stopped,  the  three  portions  would 
continue  their  partial  vibrations  without  any  new  effort.  The 
resuk  of  this  compound  vibration  must  be  a  compound  pulse 
nf  air,  which  will  exdte  in  us  the  perception  of  the  funda- 
mental sound  and  of  its  18th.  The  consequence  will  be  the 
same  if  the  points  /S  and  y  are  stopped  any  where  short  of 
die  axis ;  and  therefore  (said  Bernoulli)  the  string  mil  real- 
ly vibrate  so  if  not  stopped  at  all. 

But  this  was  refused  by  Euler,  who  observed  that  in  the 
p6ints  fi  and  y  of  contrary  flexure,  having  no  curvature^ 
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there  can  be  no  acoelentiiig  foroe.  This  caused  BemooUi 
to  attempt  a  direct  investigatioii,  CTamining  minutelj  the 
curvatures  and  acceleratiog  forces  in  the  different  points 

He  had  the  pleasure  of  finding  that  the  aooelenitiiig  ftrees 
arising  from  the  curvature  in  every  point,  were  predady 
such  as  would  produce  the  accelerations  necessary  in  those 
pcnnts  for  performing  the  motion  that  was  required.     And 
he  exhibited  the  equations  expressive  of  the  state  of  the 
cord  in  all  these  pcnnts.     And,  on  the  faith  of  these  equa- 
tions, he  restored  the  Tayiorean  curve  to  the  rank  whidi 
its  inventor  had  given  it;   and  he  asserted  that  in  every 
musical  vibration  the  cord  was  disposed  in  a  harmamcal 
curve  either  simple  or  compound.     He  farther  shewed  that 
the  equations  whidi  Euler  and  D'Alembert.had  given  for 
the  musical  cord  (at  least  in  the  cases  which  they  had  pub* 
tished)  were  included  in  his  equations,  and  that  tbdr  equa- 
tions only,  exhibited  its  momentary  states,  while  his  own 
equations  shewed  the  physical  connection  of  them  all;  which 
is,  that  the  whole  cord  forms  a  harmonio  curve  between  the 
two  fixed  pins,  while  its  different  portions  form  subordinate 
harmonic  curves  on  the  first  as  an  axis.   Euler  and  D^  Alem- 
bert,  although  they  acknowledge  this  in  the  particular  cases 
which  they  had  taken  as  examples,  on  account  of  their  sim- 
plicity, still  insist  that  no  subordinate  harmonic  vibrations  - 
can  correspond  to  all  the  states  of  an  elastic  cord  which  their 
equations  exhibit  as  isochronous  and  permanent     Mr.  Ber^ 
noulli''s  death  put  an  end  to  the  controversy,  and  the  ques- 
tion (considered  as  a  general  theory)  is  perhaps  still  unde- 
cided.    It  may  very  probably  be  true,  that  as  a  simple  vi- 
bration may  be  permanent  which  never  has  the  form  of  the 
simple  harmonic  described  by  Dr.  Taylor,  so  a  vibration 
may  exist  compounded  of  such  vibrations,  and  therefore  not 
expressible  by  any  equation  deduced  from  the  Tayiorean 
curve. 

But,  in  the  mean  tiine,  Mr.  Bernoulli  has  made  the  most 
beautiful  discovery  in  mechanics  which  has  appeared  in  the 
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coime  of  the  last  oratury,  and  has  expbdned  the  most  curi- 
ma  phenomenon  of  continued  sounds,  viz,  the  almoit  tmtVer- 
«af  aooompaniment  of  the  harmonic  notes  of  any  fundamen- 
tal sound.  For  this  susceptibility  of  compounded  variation 
is  not  confined  to  a  12th»  but  is  equally  demonstrable  of 
every  other  harmonic.  Nay,  it  is  evident  that  the  same 
iple  vibration  of  a  cord  may  furnish  a  moveable  axis  to 
than  one  harmonic.  For  as  the  simple  vibration  can 
hmwe  a  subovdiiiate  harmonic  vibration  superinduced  upon 
ify  SO  may  this  compounded  vibration  have  another  superin- 
dnoed  on  it,  and  so  on  to  any  degree  of  composition.  And 
ftrther,  as  Mi^  Bernoulli  has  shewn  the  complete  analogy 
between  the  accelerations  of  the  different  points  of  an  elastic 
cord  and  of  the  corresponding  plates  of  a  column  of  ur,  it 
leiptimatdiy  follows  that  all  the  consequences  which  we  can 
eanly  deduce,  respecting  the  vibrations  of  an  elastic  cord, 
may  be  affirmed  respecting  the  undulations  of  a  column  of 
air  in  a  pipe.  Therefore  this  accompaniment  of  the  har- 
OMinics  must  not  be  confined  to  the  music  of  strings  and 
bell%  but  equally  obtains  in  the  music  of  wind  instruments. 
And  thus  the  doctrine  becomes  universal. 

Mr.  Bernoulli  did  not  think  it  enough  to  shew  that  these 
eoDpound  vibrations  are  possible.  He  endeavours  to  shew 
tbat  this  accompaniment  must  be  frequent.  He  illustrates 
this  Teiy  prettily,  by  supposing  that  a  toothed  wheel  is  turn- 
ed round,  and  rubs  with  its  teeth  on  an  elastic  cord.  If  the 
sucoesaye  dropping  of  the  teeth  keep  exactly  pace  with  such 
vSirations  as  the  cord  can  take  and  maintain  by  its  elasticity, 
these  will  oertwily  be  formed  on  it  If  the  intervals  do  not 
aaetfy  correspond,  a  littie  reflection  will  shew  that  the  agi- 
tation which  the  cord  acquires  will  approximate  to  those 
which  it  can  maintun ;  and,  if  when  they  are  exacUy  so  in 
any  place  of  it,  the  wheel  be  in  that  instant  removed,  this 
libration  will  remain  and  diffuse  itself  through  the  re^t  of 
the  cord ;  so  that  the  very  last  dying  quiver  (so  to  speak) 
will  be  a  harmonic     Every  harmonic  a^tation  tends,  by  the 
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Terj  nature  of  the  thing,  to  eontbiiie^  wlule  tlioie Iblm 
inoompatiUe  really  do  destrajeadi  other;  and  the mjr hit 
must  be  the  remainder  or  superplua  of  andi  aa  aorii  eoa- 
tinue^  over  those  which  deatrojed  eaeh  other.  Aceorfaf^, 
the  harmonic  notes  of  wires  are  always  most  ^atuiedy  kad 
as  the  sound  is  dying  away. 

There  is  no  oocaaon  now  to  say  any  thing  about  die  lUbcf 
of  Rameau^s  Gtneraium  Hanmmiqm  as  a  theory  of  oawal 
pleasure.  Our  harmonies  please  us^  not  beeauaa  a  ssoaiii 
accompanied  by  its  harmonics^  but  because  hamooicspkBit 
His  pnnciple  is  therefore  a  tautology,  and  givea  no  nMlnio> 
don  whatever.  His  the<ny  u  a  very  forced  aooooDBodstieB 
of  this  principle  to  the  practice  of  musiciana,  andtsslecf  the 
public  He  is  exceedingly  punled  in  Ae  caue  of  Aa  ssa»* 
iaimnanUf  or  4th  of  the  scale,  and  the  6th  where  dwreii  bo 
resonnance.  He  says  that  these  notes,  <<  fifwlnsnuti  qaoi> 
qu^elles  ne  resonnent  pas.^  But  this  miwlfada  us.  Tbej 
do  not  resound ;  because  a  4th  and  6th  cannot  he  pruducrf 
at  all  by  dividing  the  cord.  They  tremble ;  beouise  die 
false  4th  and  false  6th  are  very  near  the  true  ones,  and  tk 
true  4th  and  6th  would  both  tremble  and  resound,  if  tli^ 
were  made  false.  A  string  will  both  tremUe  and  resoood, 
if  very  nearly  true,  as  any  one  observes  the  1 2th  and  ITth 
on  a  harpsichord  tremble  and  resound  very  strongly,  thoi^ 
they  are  tempered  notes.  The  whole  theory  is  avertumed 
at  once-  by  tuning  the  4th  false,  so  as  to  correspond  to  an 
aliquot  division  of  the  cord.  It  will  then  resound  ;  and  if 
this  had  happened  to  be  agreeable,  it  would  have  been  cstdi- 
ed  at  as  the  sousdominante. 

The  physical  cause  of  the  pleasure  of  harmonic  sounds  is 
yet  to  seek,  as  much  as  our  choice  of  those  notes  for  mdody 
which  give  us  the  best  harmony  (see  Tempekam kmt).  We 
have  no  hesitation  in  saying  that,  with  respect  to  our  choice^ 
the  two  are  quite  independent  Thousands  enjoy  the  high- 
est pleasure  from  melody  who  never  heard  a  harmanioas 
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KHUid.    All  the  untaught  angers,  and  all  simple  nations, 
ire  examples. 

Thej  not  only  fix  on  certain  intervals  as  the  steps  of  their 
nnea,  but  are  disgusted  when  other  steps  are  taken.  Nor 
lo  we  hesitate,  for  the  very  same  reasons,  to  say  that  the 
ules  of  accompaniment  are  dependent  on  the  cantus  or  air, 
md  by  no  means  on  the  fundamental  bass  of  Ramcau.  The 
kpendence  assumed  by  him,  as  the  rule  of  accompaniment, 
vould,  if  properly  adhered  to,  according  to  his  own  notions 
)f  the  comparative  values  of  the  harmonics,  lead  to  the  most 
intastic  airs  imaginable,  always  jumping  by  large  intervals, 
oh!  altogether  incompatible  with  graceful  music.  The  rules 
tS  modulation  which  he  has  squeezed  out  of  his  principle, 
wt  nothing  biit  forced,  ^ery  forced,  accommodations  of  a 
rcry  Prague  principle  to  the  current  practice  of  his  contem- 
pomies.  They  do  not  suit  the  primitive  melodies  of  many 
Ofltknia^  and  they  have  caused  these  national  musics  to  de- 
jenenite.  This  is  acknowledged  by  all  who  are  not  per- 
rerted  by  the  prevailing  habits.  We  have  heard,  and  could 
irrite  down,  some  most  enchanting  lullabies  of  simple  pea- 
iUt  women,  possessed  of  muiucal  sensibility,  but  far  remov- 
al ki  the  cool  sequestered  vale  of  life,  from  all  opportuni- 
jea  of  stealing  from  our  great  composers.  Some  of  these 
nlUnes  never  fail  to  charm,  even  the  most  erudite  musi- 
iukj  when  sung  by  a  fine  flexible  voice :  but  it  would  puzzle 
Mr.  Rameau  to  accompany  them  secundum  arUm. 

We  conclude  this  subject  by  describing  a  most  beautiful 
ind  instructive  experiment. 

Mr.  Watt,  the  celebrated  engineer,  was  amusing  himself 
[abiNit  the  year  1765)  with  organ-buUding,  and  invented  a 
itenochord  of  continued  sound,  by  which  he  could  tune  an 
oigan  with  mathematical  precision,  according  to  any  propos- 
k1  system  of  temperament.  It  consisted  of  a  covered  string 
of  a  Tiolincello,  sounding  by  the  friction  of  an  ivory  whed. 
The  instrument  did  not  answer  Mr.  Watf s  purpose,  by 
reason  of  the  dead  harshness  of  its  tone,  and  a  flutter  in  the 
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string  by  the  unequal  action  of  the  wheel.     But  Mr.  Watt 
was  amused  by  observing  the  string  frequently  takin|^  of  its 
own  accord,  points  of  diviaon,  which  remain  fixed,  wUe  the 
rest  was  in  a  state  of  strong  vibration.     The  instmaoit 
came  into  the  possession  of  the  writer  of  this  article.   He 
soon  saw  that  it  gave  him  an  opportunity  of  making  all  the 
experiments  which  Bernoulli  could  only  relate.     When  the 
string  was  kept  in  a  state  of  simple  vibration,  by  a  foj 
uniform  and  gentle  motion  of  the  wheel,  if  its  middle  point 
was  then  gently  touched  with  a  quill,  this  point  immediate- 
ly stopped,  but  the  string  continued  to  vibrate  in  two  parts, 
sounding  the  octave :  And  this  it  continued  to  do,  however 
strong  the  vibrations  were  rendered  aflen^rds  by  iooeas- 
ing  the  pressure  and  velocity  of  the  wheel.    The  sametlui^ 
happened  if  the  string  was  gently  touched  at  out  duid. 
It  instantly  divided  itself  into  three  parts,  with  two  nodes, 
and  sounded  the  12th.     In  the  same  manner  the  double 
octave,  the  17th,  and  all  other  harmonics,  were  produced 
and  maintained. 

But  the  prettiest  experiment  was  to  put  something  soft, 
such  as  a  lock  of  cotton,  in  the  way  of  the  wide  vibratuxis 
of  the  cord,  at  one-third  and  two-thirds  of  its  length,  so  as 
to  disturb  them  when  they  became  very  wide.  When  this 
was  done,  tlie  string  instantly  put  on  the  appearance  of 
(Plate  VII.  fig.  8.)  performing  at  once  the  full  vibratioa 
competent  to  its  whole  length,  and  the  three  subordinate 
vibrations,  corresponding  to  one-third  of  its  length,  and 
sounding  the  fundamental  and  the  12th  with  equal  strength. 
In  this  manner  all  the  different  accompaniments  were  pro- 
duced at  pleasure,  and  could  be  continued,  even  with  strong 
sounds.  And  it  was  amusing  to  observe,  when  the  whed 
was  strongly  pressed  to  the  string,  and  the  motion  violent, 
the  nodes  would  form  themselves  on  various  parts  of  the 
string,  running  from  one  part  to  another.  This  was  always 
accompanied  with  all  the  jarring  sounds  which  corresponded 
to  them. 
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hen  the  string  waa  making  very  gentle,  simple  vibra- 

and  the  wheel  hardly  touching  it,  if  a  violincello  was 

to  sound  tlie  12th  very  strongly  in  its  neighbourhood, 

tring  instantly  divided  itself,  and  vibrated  in  unison, 

ently  retaining  its  simple  vibration  and  fundamental 

We  recommend  this  experiment  to  every  person  who 
!S  to  make  himself  well  acquainted  with  the  mechanism 
jsacal  sounds.  He  will  see,  in  a  most  sensible  and  con* 
3g  manner,  how  a  single  string  of  the  iGolian  harp 
us  all  the  changes  of  harmony,  sliding  from  one  sound 
other,  according  as  it  is  affected  in  its  different  parts  by 
r^^ular  breeze  of  wind.  .  The  .writer  of  this  article  has 
ipted  to  regulate  these  sweet  harmonic  notes,  and  to 
luce  them  into  the  organ.  His  success  has  been  very 
uraging,  and  the  sounds  far  exceed  in  pathetic  sweets 
any  that  have  yet  been  produced  by  that  noble  instru- 
.  But  he  has  not  yet  brought  them  fully  under  com- 
I,  nor  made  them  strong  enough  for  any  thing  but  the 
^t  chamber  music.  Other  necessary  occupations  pre- 
him  from  giving  the  attention  to  this  subject  that  it  de- 
B»  He  recommends  it  therefore  to  the  musical  instru- 
•makers  as  richly  deserving  their  notice.  His  general 
od  was  this :  A  wooden  pipe  is  made,  whose  section  is 
ible  square.  A  partition  in  the  middle  divides  it  into 
lipes,  along  side  of  each  other.  One  of  them  communi- 
with  the  foot  and  wind  chest,  and  is  shut  at  the  upper 

The  other  is  open  at  the  upper,  and  shut  at  the  low- 
id.  '  In  the  partition  there  is  a  slit  almost  the  whole 
b,  and  the  sides  of  this  slit  are  brought  to  a  very 
th  chamfered  or  feather  edge.  A  fine  catgut  is  strain- 
this  slit,  so  as  almost  to  touch  the  sides.  It  is  evident 
whenthe  wind  enters  one  pipe  by  the  foot,  it  passes 
igh  the  slit  into  the  other,  and  escapes  at  the  top,  which 
m.  In  its  passage  it  forces  the  catgut  into  motion,  and 
iices  A  musical  note,  having  all  the  sweetness  of  the 
an  harp.     The  strength  of  sound  may  be  increased  by 
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inereanng  the  body  of  air  whidi  is  made  to  imdnhta  Tkk 
was  done  by  unng,  instead  of  catgat»  very  nanow  alk  tapB 
or  ribband  varnished :  but  the  unavoidable  nggedoM  of 
the  edges  made  the  sounds  ooarse  and  wheeling.  Fhl  d- 
ver  wire  was  not  suffidendy  elastic ;  flat  wiic^  ussd  far 
watch  bahnce  springs,  was  better,  but  still  veiy  weak  soimd- 
ed.  Other  methods  were  tried,  which  promised  better.  A 
thin  round  plate  of  metal,  properiy  supported  by  a  ipnng, 
was  set  in  a  round  hole;  made  inanotbor  plate  not  so  this, 
so  as  just  not  to  touch  the  rides.  The  air  forced  throii|^ 
this  hok  made  tlje  qpring  fdate  tremble»  dandng  in  and  oa^ 
-and  produced  a  very  bold  and  mdlow  sound.^— Tlii%  and 
rimilar  experiments,  are  highly  worth  attention,  sBdjaaniie 
great  additions  to  our  instrumental  music 
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O01,  intention  in  this  article  does  not  extend  to  the  ma- 
nual practice  of  this  art,  nor  even  to  all  the  parts  of  the  ma- 
chine. We  mean  to  consider  the  most  important  and  diffi- 
cult part  of  the  construction,  namely,  the  method  of  apply- 
ing the  maintuning  power*  of  the  wheels  to  the  regulator 
of  the  motion,  so  as  not  to  hurt  its  power  of  regulation. 

The  regulator  of  a  dock  or  watch  is  a  pendulum  or  a 
balance.  Without  this  check  to  the  motion  of  the  wheels, 
impelled  by  a  weight  or  a  spring,  the  machine  would  run 
down  with  a  motion  rapdly  accelerating,  till  friction  and  the 
resistance  of  the  air  induced  a  sort  of  uniformity,  as  they  do 
in  a  kitchen  jack.  But  if  a  pendulum  be  so  put  in  the  way 
of  this  motion,  that  only  one  tooth  of  a  wheel  can  pass  it  at 
each  vibration,  the  revolution  of  the  wheels  will  depend  on 
the  vibration  of  the  pendulum.  This  has  long  been  observ- 
ed to  have  a  certain  constancy,  insomuch  that  the  astrono- 
mers of  the  East  employed  pendulums  in  measuring  the 
times  «f  their  observations,  patiently  counting  their  vibra- 


640  WATCH«WOEK« 

lions  during  the  phases  of  an  edipae  or  the  truunts  of  the 
stars,  and  renewing  them  by  a  little  push  with  the  finger 
when  they  became  too  small.  Grassendi,  Riorioli,  andotii«y 
in  more  recent  times,  followed  this  example.  The  cddnt- 
ed  physician  Sanctorius  is  the  first  person  who  is  mendoDed 
as  having  applied  them  as  regulators  c^  dock  moTemeBts. 
Machines,  however,  called  docksy  with  a  train  of  toothed 
wheels  leading  round  an  index  of  hours,  had  beenoootmed 
long  before.  The  earliest  of  which  we  have  any  aooount 
is  that  of  Richard  of  Wallingford,  Abbot  of  St  Albin's,  in 
1336  *.  It  appears  to  have  been  regulated  by  a  fly  like  a 
kitchen  jack.  Not  long  after  this  Giacomo  Doodi  made 
one  at  Padau,  which  had  a  motua  succusmnrbu^  a  hob- 
bling or  trotting  motion ;  from  which  expression  it  seems 
probable  that  it  was  regulated  by  some  alternate  movement 
We  cannot  think  that  this  was  a  pendulum,  because,  onoe 
it  was  introduced,  it  never  could  have  been  suf^lanted  by 
a  balance.  The  alternate  motion  of  a  pendulum,  and  its 
seeming  uniformity,  are  among  the  most  familiar  observa- 
tions of  common  life  ;  and  it  is  surprising  that  they  were 
not  more  early  thought  of  for  regulating  time  measurers. 
The  alternate  motion  of  the  old  balance  is  one  of  the  most 
far-fetched  means  that  can  be  imagined,  and  might  pass 
for  the  invention  of  a  very  reflecting  mind,  while  a  pendu- 
lum only  requires  to  be  drawn  aside  from  the  plumb-line, 
to  make  it  vibrate  with  regularity.  The  balance  must  be 
put  in  motion  by  the  clock,  and  that  motion  must  be  stq)- 
pcd,  and  the  contrary  motion  induced  ;  and  we  must  know 
that  the  same  force  and  the  same  checks  will  produce  uni- 
form oscillations.    All  this  must  be  previously  known  before 

*  Professor  Beckmann,  in  the  first  volume  of  his  History  qf  JrmentkMt  ex* 
presses  a  belief  that  clocks  of  this  kind  were  used  id  some  mooasteries  so  early 
as  the  1 1th  ceutury,  and  that  they  were  derived  to  the  monks  from  the  Sara- 
cens. His  authorities,  however,  are  discordant,  and  seem  not  completely  sa- 
tisfactory even  to  himself 
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xire  call  think  of  it  as  a  regulator;  yet  so  itis  that  clocks^  regu- 
lated by  a  balance,  were  long  used,  and  very  common  through 
Europe,  brfore  Galileo  proposed  the  pendulum,  about  the 
year  1600.  Pendulum  clocks  then  came  into  general  use, 
knd  were  found  to  be  greatly  preferable  to  balance  doclcs  as 
accurate  measurers  of  time.  Mathematicians  saw  that  their 
tibrations  had  some  regular  dependence  on  uniform  gravi* 
tjy  and  in  th^r  writings  we  meet  with  many  attempts  to 
detmnine  the  time  and  demonstrate  the  isochronism  of  the 
vibrations.  It  is  amu^ng  to  read  these  attempts.  We 
wonder  at  the  awkwardness  and  insufficiency  of  the  expla- 

'  nation  g^ven  of  the  motions  of  pendulums,  even  by  men  of 
acknowledged  eminence.  Mersennus  carried  on  a  most  use- 
jful  correspondence  with  all  the  mathematidans  of  Europe, 
and  waa  the  means  of  making  them  acquunted  with  each 
other ;  nay,  he  was  himself  well  conversant  in  the  science ; 
yet  (Hie  camnot  but  smile  at  his  reasonings  on  this  subject 
Staadinig  on  the  shoulders  of  our  predecessors,  we  look 
aiound  us,  in  great  satisfaction  with  our  own  powers  of  ob- 
aervation,  not  thinking  how  we  are  raised  up,  or  that  we 
are  trading  witS  the  stock  left  us  by  the  diligent  and  saga^ 
dous  philosophers  of  the  17th  century*.  Riccioli,  Gassen- 
du8|,  mid  Galileo,  made  similar  attempts  to  explain  the  mo- 
tion of  pendulums ;  but  without  success.  This  honour  was 
reserved  for  Mr.  Huyghens,  the  most  elegant  of  modem 
geometers.  He  had  succeeded  in  1656  or  1657  in  adapt- 
ing the  machinery  of  a  clock  to  the  maintaining  of  the  vi- 
brations of  a  pendulum.  Charmed  with  the  accuracy  of 
its  performance,  he  began  to  investigate  with  scrupulous  at- 
tention the  theory  of  its  motion.  By  the  most  ingenious 
«nd  elegant  application  of  geometry  to  mechanical  problems, 
he  demonstrated  that  the  wider  vibrations  of  a  pendulum 
employed  more  time  than  the  narrower,  and  that  the  time 
of  a  semicircular  vibration  is  to  that  of  a  very  small  one 

-    nearly  as  34  to  29 ;  and,  aided  by  a  new  department  of  geo- 
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metrical  menoe  invented  by  himself,  namelj,  tbe  cvoliitiaii 
of  curves,  he  shewed  how  to  make  a  pendulum  awiii|g  in  a 
^knd  and  that  its  vibrations  in  this  curve  are  all  perfbnn* 
cd  in  equal  times,  whatever  be  their  extent. 

But  before  this  time,  Dr.  Hooke,  the  most  ingenious  and 
inventive  mechanician  of  his  age,  bad  discovered  the  great 
accuracy  of  pendulum  docks,  having  found  that  the  manner 
in  which  they  had  been  employed  had  obscured  tbeir  real 
merit  They  had  been  made  to  vibrate  in  very  lai^  ardie^ 
the  only  motion  that  could  be  given  them  by  the  ootiCriTan- 
oes  then  known ;  and  in  1656  he  invented  another  method, 
and  made  a  ckx;k  which  moved  with  astonishing  regularity. 
Using  a  heavy  pendulum,  and  making  it  swing  in  very  smaO 
arches,  the  clocks  so  constructed  were  found  to  exed  Mr. 
Huyghen^s  cydmdal  pendulums ;  and  those  who  were  un- 
friendly to  Huyghens  had  a  sort  of  triumph  on  theoocanoo. 
But  this  was  the  result  of  ignorance.  Mr.  Huyghens  bad 
shewn,  that  the  error  of  ^^  of  an  inch,  in  the  fonnation  of 
the  parts  which  produced  the  cydoidal  motion,  caused  a 
greater  irregularity  of  vibration  than  a  drcular  vibraUon 
could  do,  although  it  should  extend  five  or  six  degrees  on 
each  side  of  the  perpendicular.  It  has  been  found  that  the 
unavoidable  inaccurades,  even  of  tlie  best  artists,  in  the  cy- 
doidal construction,  make  the  performance  much  inferior  to 
that  of  a  common  pendulum  vibrating  in  arches  which  do 
not  exceed  three  or  four  degrees  from  the  perpendicular. 
Such  docks  alone  are  now  made,  and  they  exceed  all  expec- 
tation. 

We  have  said  that  a  pendulum  needed  only  to  be  removed 
from  the  perpendicular,  and  then  let  go,  in  order  to  vibrate 
and  measure  time.  Hence  it  might  seem,  that  nothing  is 
wanted  but  a  nmchinery  so  connected  with  the  pendulum  as 
to  keep  a  register,  as  it  were,  of  the  vibration.  It  could  not 
be  difficult  to  contrive  a  method  of  doing  this ;  but  more  is 
wanted.  The  air  must  be  displaced  by  the  pendulum.    This 
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ret  8DIIMI  fiiroe,  and  must  therefore  employ  some  part 
e  ttiomefitum  of  the  pendulilm.  The  pivot  on  whidi 
ings  occamons  friction—- the  thread,  or  thin  piece  of 
.  by  whidi  it  is  hung,  in  order  to  avoid  this  friction^ 
ions  some  expenditure  of  force  by  its  want  of  perfect 
lility  or  elasticity.  These,  and  oAer  causes,  make  the 
lions  grow  more  and  more  narrow  by  degrees,  till  at 
be  pendulum  is  brought  to  rest  We  must  therefore 
a  contrivance  in  the  wheel- work  which  will  restore  to 
pendulum  the  small  portion  of  force  which  it  loses  in 
r  vibration.  The  action  of  the  wheels  therefore  may 
Hed  a  mttmtaining  power  j  because  it  keeps  up  the  vibnii> 

■ 

It  we  now  see  that  this  may  affect  the  regularity  <rf*  vi- 
NL  If  it  be  supposed  that  the  action  of  gravity  rend'^ 
H  file  vibrations  isochronous,  we  must  grant  that  the 
aoiial  impulsion  by  the  wheels  will  destroy  that  isochro^ 
t  unless  it  be  so  applied  that  the  sum  total  of  this  itt^ 
OB  and  the  force  of  gravity  may  vary  so  with  the  situa^ 
af  the  pendulum,  as  still  to  give  a  series  of  forces,  or  a 
if  variati<»),  perfectly  similar  to  that  of  gravity.  This 
9t  be  effected,  unless  we  know  both  the  law  which  re- 
es  the  action  of  gravity,  producing  isochronism  of  vi.^ 
m,  and  the  intensity  of  the  force  to  be  derived  from  the 
Is  in  every  situation  of  the  pendulum. 
le  necessary  requisite  for  the  isochronous  motion  of  the 
ulum  is,  that  the  force  which  urges  it  toward  the  per- 
icular,  be  proportional  to  its  distance  from  it ;  and  there* 
fdnce  pendulums  swinging  in  small  circular  arches  are 
My  isochronous,  we  must  infer  that  such  is  the  law  by 
li  the  accelerating  action  of  gravity  on  tbem  is  really 
nmodated  to  every  situation  in  those  arches, 
will  greatly  conduce  to  the  better  understanding  of  the 
;  of  the  maintaining  power,  if  the  reader  keep  in  con* 
1  view  the  chief  drcumstances  of  a  motion  of  this  kind. 
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Therefore  let  AC  a  (Plate  VIII.  fig.  1.)  represent  the  afdi 
passed  over  by  the  pendulum,  stretched  out  into  a  stniglit 
lioe.  Let  C  be  its  middle  poiot,  when  the  pendulum  hang^ 
perpendicular,  and  A  and  a  be  the  extremities  of  the  osciU*- 
tion.  Let  AD  be  drawn  perpendicular  to  AC,  to  represent 
the  accelerating  action  of  gravity  on  the  pendulum  when  it 
is  at  A.  Draw  the  straight  line  DC  d^  and  a  d,  perpendicu- 
lar  to  A  a.  About  C,  as  a  centre,  describe  the  semicircle 
AFH  a.  Through  any  points  B,  K,  ky  6,  &c  of  A  a,  draw 
the  perpendiculars  BFE,  KLM,  &c.  cutting  both  the  straight 
line  and  the  semicircle.     Then, 

L  The  actions  of  gravity  on  the  pendulum,  when  in  the 
situations  B,  K,  &c.  by  which  it  is  urged  toward  C,  are  pro* 
portional  to,  and  may  be  represented  by,  the  ordinates  BE, 
KL,  bcy  k  If  &C.  to  the  straight  line,  DC  d. 
»  2.  The  velocities  acquired  at  B,  E,  &c,  by  the  accelera- 
tion along  AB,  AE,  &c.  are  proportional  to  the  ordinates 
BF,  EM,  &c  to  the  semicircle  AH  a ;  and,  therefore^  the 
velocity  with  which  the  pendulum  passes  through  the 
middle  point  C,  is  to  its  velocity  in  any  other  point  B^  as 
CH  to  BF. 

S.  The  times  of  describing  the  parts  AB,  BE,  EC,  && 
of  the  whole  arch  of  oscillation,  are  proportional  to,  and 
may  be  represented  by,  the  arches  AF,  FM,  MH,  &c.  of 
the  semicircle. 

4.  If  one  pendulum  describe  the  arch  represented  by  AC 
a,  and  another  describe  the  arch  EC  fc,  they  will  describe 
them  in  equal  times,  and  their  maximum  velocities  (viz. 
their  velocities  in  the  middle  point,)  are  proportional  to  AC 
and  EC ;  tliat  is,  the  velocities  in  the  middle  point  are  pro- 
portional to  the  width  of  the  oscillations. 

The  same  proportions  are  true  with  respect  to  the  mo- 
tions outwards  from  C.  That  is,  when  tlie  pendulum  de- 
scribes CA,  with  the  imtial  velocity  CH,  its  velocity  at  E  is 
reduced  to  EM  by  the  retarding  action  of  gravity.      It  is 


WATCH-WOKK.  545 

reduced  to  BF  at  B,  and  to  nothing  at  A ;  and  the  times  of 
describing  CK,  KB,  BA,  CA,  are  as  HM,  M F,  FA,  HA. 
Anotber  pendulum  setting  out  from  C,  with  the  initial  veloci- 
tj  CO,  reaches  only  to  K,  CE  being  =  CO.  Also  the  times 
ore  equaL— If  we  consider  the  whole  oscillation  as  performed 
tD  the  direcUon  A  a,  the  forces  AD,  BE,  KL  accelerate  the 
pendulum,  and  the  similar  forces  adybe^kl^  on  the  other 
nde,  retard  it  The  contrary  happens  in  the  pei(t  oscilla- 
tion aCA. 

6.  The  areas  DABE,  DAKL,  &c.  are  proportional  to 
the  squares  of  the  velocities  acquired  by  moving  along  AB, 
AK,  &C.  or  to  the  diminution  of  the  squares  of  the  velocities 
tustaiBed  by  moving  outwards  along  BA  or  KA,  &c 

Tbeconsideration  of  this  figure  will  enable  che  reader  (even 
though  not  a  mathematician)  to  form  some  notion  of  the  ef- 
fect of  any  proposed  application  of  a  maintaining  power  by 
means  of  wheel- work  :  For,  knowing  the  weight  of  the  pen- 
^  dulum,  we  know  the  accelerating  aaion  of  that  weight  in 
any  particular  situation  A  of  the  pendulum.  We  also  know 
what  addition  or  subtraction  we  produce  on  the  pendulum  in 
that  situation  by  the  wheel- work.  Suppose  it  is  an  addition 
of  pressure  equal  to  a  certain  number  of  grains.  We  can 
make  AD  to  D  )  as  the  first  to  the  last ;  and  th(  n  A  9  will 
be  the  whole  force  urging  the  pendulum  toward  C  Doing 
the  same  for  every  point  of  AC,  we  obtain  a  line  )  i  a  C^ 
whiqh  b  a  new  scale  of  forces,  and  the  space  DC  },  compre- 
hended between  the  two  scales  CD  and  C^,  will  express  the 
addition  made  to  the  square  of  the  velocity  by  the  maintain^ 
ing  power  in  passing  along  AC  by  the  joint  action  of  that 
power  and  the  power  of  gravity.  Also,  by  drawing  a  line  »  w 
perpendicular  to  AC«  making  the  space  C  «- »  equal  to  CAD, 
th^  point  w  will  be  the  limit  of  the  oscillation  outward  from 
C,  where  the  initial  velocity  HC  is  extinguished.  If  the  line 
»  9  cut  the  same  circle  in  tf,  one-half  the  arch  I  A  will  nearly 
express  the  contraction  made  in  the  time  of  the  outward  os- 
^llation  by  the  muntaining  power.   An  accurate  determina- 
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tkm  of  thk  lait  cumtnMlsDoe  IB  operaie^  and  cmndBCeidl; 
but  thii  •olutioD  ts  nol  far  horn  the  trotliy  and  "mSBipnthf 
aiaitt  our  judgment  of  the  eflbetof  any  prapoial,  eftnAa^ 
s  «» be  drawn'  only  by  the  jli(%nMnt  of  the  cjo,  naU^  At 
area  left  out  as' nearly  equal  to  the  area  taken  mat  wen 
eerimate  by  inspeetion.    Tlus  is  add  finom 

Since  the  modon  of  a  pendulum  or  baiantf  is 
while  the  prewure  of  the  wbeeb  b oonstantly  in  umSn^ 
tion,  it  is  plain  that  some  art  must  be  used  to  aiiMaiiastoi 
the  one  to « the  other.  Whenatooth  of  thewfaedhmpna 
the  babmoe  a  motion  in  one  direction,  it  must  quit  k^tklit 
nuy  get  an  impulsion  in  the  opponte  direetiao.  Thshsp 
lance  or  pendulum  thus  escafMng  from  the  tooA  of  dbe 
wheel,  or  the  tooth  escaping  ftom  the  balance^  hasfhwa  to 
the  general  contrivance  the  name  of  scAPsamrr  aaMagour 
ardsts,  from  the  French  word  eefajapcwenf.  We  ptsssrii 
therefore,  to  connder  this  subject  more  particnlacly,  firtt 
conndering  the  scapements  which  are  peculiarly  ndled  ts  dK 
small  vibrations  of  p^dulums,  and  then  those  wfaidi  amt 
produce  much  wider  vibrations  in  balances.  Tius^  vitli 
some  other  circumstances,  render  the  scapements  for  pcoda* 
lums  and  balances  very  different. 

I.  Of  the  Jdim  of  a  Wheel  amd  PalteL 

The  scapement  which  has  been  in  use  fpr  clocks  snd 
watches  ever  nnce  their  first  appearance  in  Europ^  a  ts- 
tremely  simple,  and  its  mode  of  operation  is  too  obvious  Is 
need  much  explanation.  In  Plate  VIII.  fig.  S.  XY  repn- 
sents  a  horizontal  axis,  to  which  the  pendulum  P  is  attsdied 
by  a  slender  rod,  or  otherwise.  This  axis  has  two  leavaG 
and  D  attached  to  it,  cmenear  each  end,  and  not  in  diessBie 
plane,  but  so  that  when  the  pendulum  hangs  perpendSculsr* 
ly,  and  at  rest,  the  piece  C  spreads  a  few  d^tees  to  the 
right  hand,  and  D  as  much  to  the  left.  They  oommooiy 
make  an  angle  of  70, 80,  or  90  degrees.  These  two  pisoes 
are  called  faixsts.    AFB  representa  m  whHi^  txinmg 
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nnind  on  a  perpendicular  axis  EO,  in  the  order  of  the  let- 
ten  AFEB.  The  teeth  of  this  wheel  are  cut  into  the  form 
of  the  teeth  of  a  saw,  leaning  forward,  in  the  direction  of 
the  motion  of  the  rim.  As  they  somewhat  resemble  the 
points  of  an  old-fashioned  royal  diadem,  this  wheel  has  got 
the  name  of  the  crown  wheel.  In  watches  it  is  often  cal- 
led the  babmec  tohnL  The  number  of  teeth  is  generally  odd ; 
so  that  when  one  of  them  B  is  pressing  on  a  pallet  D,  the 
opponte  pallet  C  is  in  the  space  between  two  teeth  A  and  I. 
The' figure  represents  the  pendulum  at  the  extremity  of  its 
excursion  to  the  right  hand,  the  tooth  A  having  just  escap- 
ed fmm  the  pallet  C,  and  the  tooth  B  having  just  dropped 
on  the  pallet  D.  It  is  plain,  that  as  the  pendulum  now 
moves  over  to  the  left,  in  the  arch  PG,  the  tooth  B  continuea 
to  prem  on  the  pallet  D,  and  thus  accelerates  the  pendulum, 
botib  doling  its  descent  along  the  arch  PH,  and  its  ascent 
along  the  arch  H6.  It  is  no  less  evident,  that  when  the 
pallet  D,  by  tummg  round  the  axis  XY,  nuses  its  point 
above  the  plane  of  the  wheel,  the  tooth  B  escapes  from  it, 
and  I  drops  on  the  pallet  C,  which  is  now  nearly  perpendi- 
cular; I  presses  C  to  the  right,  and  accelerates  the  motion 
of  the  pendulum  along  the  arch  GP.  Nothing  can  be  more 
obvious  than  this  action  of  the  wheel  in  maintaining  the  vi- 
bmtions  of  the  pendulum.  We  can  easily  perceive,  also, 
that  when  the  pendulum  is  hanging  perpendicularly  in  the 
line  XH,  the  tooth  B,  by  pressing  on  the  pallet  D,  will  force 
the  pendulum  a  little  way  to  the  left  of  the  perpendicular, 
and  will  force  it  so  much  the  farther  as  the  pendulum  is 
lighter ;  and,  if  it  be  sufficiently  light,  it  will  be  forced  so 
far  from  the  perpendicular  that  the  tooth  B  will  escape,  and 
then  I  will  catch  on  C,  and  force  the  pendulum  back  to  P, 
where  the  whole  operation  will  be  repeated.  The  same 
effect  will  be  produced  in  a  more  remarkable  degree,  if  the 
rod  of  the  pendulum  be  continued  through  the  axis  XY, 
and  a  ball  Q  put  on  the  other  end  to  balance  P^  And,  in- 
deedy  this  is  the  contrivance  which  was  first  applied  to  dodis 
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all  over  Europe,  before  the  appUcatioD  of  the  peDdoIimi. 
They  were  balance  clocks.     The  force  of  the  whed  wm  of 
a  certain  magnitude,  and  therefore  able,  during  itsadioD 
on  a  pallet,  to  communicate  a  certain  quantity  of  motion 
and  velocity  to  the  balls  of  the  balance.     When  the  tooth 
B  escapes  from  the  pallet  D,  the  balls  are  then  moviig  with 
a  certain  velocity  and  momentum.     In  this  oooditioB,  the 
balance  is  checked  by  the  tooth  I  catching  on  the  pallet  C. 
But  it  is  not  instantly  stopped.     It  continues  its  motioD  a 
little  to  the  left,  and  tlie  pallet  C  forces  the  tooth  I  a  httk 
backward.     But  it  cantuU  force  it  so  far  as  to  esoipe  over 
the  top  of  the  tooth  I ;  because  all  the  momentum  of  the 
balance  was  generated  by  the  force  of  the  tooth  B;  and  the 
toot!i  I  is  equally  powerful.     Besides,  when  I  catdies  on  C, 
and  C  continues  its  motion  to  the  left,  its  lower  point  ap- 
plies to  the  face  of  the  tooth  I,  which  now  acts  on  the  bi^ 
lance  by  a  long  and  powerful  lever,  and  soon  stops  its  Car- 
ther  motion  in  that  direction,  and  now,  continuing  to  piett 
on  C,  it  urges  the  balance  in  the  opposite  direction. 

Thus  wc  see  that  in  a  scapement  of  this  kind,  the  motioQ 
of  the  wheel  must  be  very  hobbling  and  unequal,  making  a 
great  step  forward,  and  a  short  step  backward,  -at  every 
beat.  This  has  occasioned  the  contrivance  to  get  the  name 
of  the  RECOILING  SCAPEMENT,  the  recoiliug  pallets.  This 
hobbling  motion  is  very  observable  in  the  wheel  of  an  alarm. 

Thus  have  we  obtained  two  principles  of  regulation.  The 
first  and  most  obvious,  as  well  as  the  most  perfect,  is  the 
natural  isochronous  vibration  of  a  pendulum.  The  only 
use  of  the  wheel-work  here,  besides  registering  the  vibra* 
tions,  is  to  give  a  gentle  impulsion  to  the  pendulum,  by 
means  of  the  pallet,  in  order  to  compensate  friction,  &c.  and 
thus  maintain  the  vibrations  in  their  primitive  magnitude. 
But  there  is  no  such  native  motion  in  a  balance,  to  which 
tlic  motion  of  the  wheels  must  accommodate  itself.  The 
wheels,  urged  by  a  determined  pressure,  and  acting  through 
a  determined  space  (the  face  of  the  pallet),  must  generate  a 
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oertain  determined  velocity  in  the  balance;  and  therefore 
the  time  of*  the  osdlhtion  is  also  determined,  both  during 
the  progressive  and'the  retrograde  motion  of  the  wheel.  The 
actions  being  similar,  and  through  equal  spaces,  in  every 
osdllation,  they  must  employ  the  same  time.  Therefore 
a  balance,  moved  in  this  manner,  must  be  isochronous,  and 
a  regulator  for  a  time^keeper. 

By  thus  employing  a  balance,  the  horizontal  position  of 
the  axis  XY  is  unnecessary.  Accordingly,  the  old  clocks 
had  this  axis  perpendicular,  by  which  means  the  whole 
wdght  of  the  balance  rested  on  the  point  of  the  pivot  Y  or 
X,  acocHrding  as  the  balance  PQ  was  placed  above  or  below. 
By  making  the  supporting  pivot  of  hard  steel,  and  very 
sharps  friction  was  greatly  diminished.  Nay,  it  was  entire- 
ly removed  from  this  part  of  the  machine  by  suspending 
llie  balance  by  a  thread  at  the  end  X,  instead  of  allowing  it 
to  rest  on  the  point  of  the  pivot  Y. 

As  the  balance  regulator  of  the  motion  admits  of  every 
pontioa  of  the  machii^e,  those  clocks  were  made  in  an  infi- 
mte  variety  of  fanciful  forms,  especially  in  Germany,  a  coun- 
try ^fiunous  for  mechanical  contrivances.  They  were  made 
of  aQ  sizes,  from  that  of  a  great  steeple  clock,  to  that  of  an 
ornament  for  a  lady's  toilet.  The  substitution  of  a  spring 
fai  place  of  a  weight,  as  a  first  mover  of  the  wheel- work,  was 
a  most  ingenious  thought  It  was  very  gradual.  We  have 
8een,'in  the  Emperored  museum  at  Brussels,  an  old,  (perhaps 
the  first)  spring  clock,  the  spring  of  which  was  an  old  sword 
Uade,  from  the  point  of  which  a  catgut  was  wound  round 
the  barrel  of  the  first  wheel.  Some  ingenious  German  sub- 
stituted the  spiral  spring,  which  both  took  less  room,  and 
produced  more  revolutions  of  the  first  wheel. 

When  clocks  had  been  reduced  to  such  small  sizes,  the 
wish  to  make  them  portable  was  very  natural;  and  the  means 
of  accomplishing  this  were  obvious,  namely,  a  farther  reduc- 
tion of  their  size.    This  was  accomplished  very  early ;  and 

thus  we  obtained  pocket  watches,  moved  by  a  spiral  spring, 
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and  regulated  bj  a  balance  with  tbe  recoiling  Kapeneit, 
which  is  still  in  use  for  common  watchea.      The  hobbling 
motion  of  the  crown  wheel  is  very  easly  seen  in  all  of  tbem. 
It  is  very  uncertain  who  first  substituted  a  pendulum  in 
place  of  the  balance.      Huyghens,  as  we  have  alreadj  ob- 
served, was  the  first  who  investigated  the  motions  cf  peo* 
dulums  with  success,  and  his  book  De  Harolagio  (hdB^tarw 
may  be  conndered  as  the  elements  of  refined  mechania,iiid 
the  source  of  all  the  improvements  that  have  been  made  in 
the  construction  of  scapements.     But  it  is  certmn  tbat  Dr. 
Hooke  had  employed  a  pendulum  for  the  regulation  of  a 
dock  many  years  before  the  publication  of  the  above^raeo- 
tioned  treatise,  apd  he  chums  the  merit  of  the  invention  of 
the  on/y  proper  method  of  employing  it.   We  imag^  there- 
fore that  Dr.  Hookers  invention  was  nothing  more  than  a 
acapement  for  a  pendulum  making  small  vibrations,  without 
making  use  of  the  opposite  motions  of  the  two  sides  of  die 
crown  wheel.     Dr.  Hooke  had  contrived  some  scapeoeot 
more  proper  for  pendulums  than  the  reocnling  pallets,  be- 
cause certainly  those  might  be  employed,  and  are  actuaDy 
employed  as  a  scaperoent  for  pendulum  clocks  to  thb  dajTy 
although  they  are  indeed  very  ill  adapted  to  the  purpose. 
He  had  not  only  remarked  the  great  superiority  of  such  pen> 
dulum  clocks  as  were  made  before  Huyghens^s  publicatioo 
of  the  cycloidal  pendulum,  over  the  balance  clocks,  but  bad 
also  seen  their  defects,  arising  from  the  light  pendulums  and 
wide  arches  of  vibration,  and  invented  a  scapement  of  tbe 
nature  of  those  now  employed.   The  pendulum  clock  whidi 
he  made  in  1658  for  Dr.  Wilkins,  afterwards  Bishop  of 
Chester,  is  mentioned  by  the  inventor,  as  peculiarly  suited 
Co  the  moderate  swing  of  a  pendulum ;  and  he  opposes  this 
circumstance  to  a  general  practice  of  wide  vibrations  and 
trifling  pendulums.     The  French  are  not  in  the  practice  of 
ascribing  to  us  any  thing  that  they  can  claim  as  their  own; 
yet  Lepaute  says  that  the  Echappemetit  h  CAncre  came  from 
England  about  the  year  1665.     It  is  also  admitted  by  him 
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that  doGk-maktiig  flourished  in  England  st  that  time,  and 
thai  the  French  artiats  went  to  London  to  improve  in  it 
Putting  theie  and  other  circumstances  together,  we  think 
it  highly  probable  that  we  are  indebted  to  Dr.  Hooke  for 
the  scapement  now  in  use.  The  principle  of  this  b  alto- 
gedier  different  from  the  simple  pallets  and  direct  impulse 
aibeady  described ;  and  is  so  far  from  being  obrbus,  that 
the  manner  of  action  has  been  misunderstood,  even  by  men 
of  sdence,  and  writers  of  systems  of  mechanics. 

In  this  scapement  we  employ  those  teeth  of  the  wheel 
whidi  are  moving  in  one  direction;  whereas  in  the  former 
wmpffmmdy  opposite  teeth  were  employed  moving  in  contrary 
duections.  Yet  even  here  we  must  communicate  an  alter- 
nate inotion  to  the  axis  of  the  pallets.  The  contrivance,  in 
genendy  was  as  follows :  On  the  axis  A  (See  Plate  VIII. 
1^.3)  ef  the  pendulum  or  balance  b  fixed  a  jnece  of  metal 
BAC,  called  the  crutch  by  our  artists,  and  the  anchor  by 
die  Fkendi.  It  terminates  in  two  faces  B  6  C  c  of  tempered 
ate^  or  of  some  hard  stone.  These  are  called  the  pallets, 
and  itia  on  them  that  the  teeth  of  the  wheel  act  The  faces 
B  i  C  c  are  set  in  such  positions  that  the  teeth  push  them  out 
of  the  way.  Thus  B  pushes  the  pallet  to  the  left,  and  C 
poshes  its  pallet  to  the  right  Both  push  their  pallets  side* 
wise  outward  from  the  centre  of  the  wheel.  The  pallet  B 
is  usually  called  the  leadings  and  C  the  driving  pallet  by  the 
artists,  although  it  appears  to  us  that  these  names  should  be 
feversed,  because  B  drtoet  the  pallet  out  of  the  way,  and  C 
puUt  or  leads  it  out  of  the  way.  They  might  be  called  the 
Jbni  and  tec&nd  pallet,  in  the  order  in  which  they  are  acted 
on  by  the  wheel.  We  shall  use  either  denomination.  The 
figure  is  accommodated  to  the  inactive  or  resting  position  of 
the  pendulum.  Suppose  the  pendulum  drawn  aside  to  the 
rig^t  at  Q,  and  then  let  go.  It  is  plain  that  the  tooth  B, 
pressing  on  the  face  of  the  pallet,  /S  B  6  all  the  way  from  v0  to 
ft,  diruats  it  aside  outwards,  and  thus,  by  the  connection  of 
the  crutch  with  the  pendulum  rod,  aids  thependulum'^s  mo* 
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tion  along  the  arch  QPR.  When  the  pendulum  rmhts 
R,  the  point  of  the  tooth  B  has  reached  the  angle  i  of  the 
pallet,  and  escapes  from  it.  The  wheel  pressing  tarwatif 
another  tooth  C  drops  on  the  pallet  face  Cc,  and,  bj  pies* 
sing  this  pallet  outward,  evidently  aids  the  pendulum  in  its 
motion  from  R  to  P.  The  tooth  C  escapes  from  this  pdkl 
at  the  angle  c,  and  now  a  tooth  B'  drops  on  the  first  psUet, 
and  again  aids  the  pendulum  ;  and  tb'is  operation  is  repcaU 
ed  continually. 

The  mechanism  of  this  communication  of  motion  it  thus 
explained  by  several  writers  of  elements  The  tooth  B 
(Plate  VIII.  fig.  z.)  is  urged  forward  in  the  directioo  BD, 
perpendicular  to  the  radius  MB  of  the  swing  whixl.  It 
therefore  presses  on  the  pallet,  which  is  moveable  only  in  the 
direction  BE,  perpendicular  to  BA  the  radius  of  thepsUet 
Therefore  the  force  BD  must  be  resolved  into  two,  vu.  BE, 
in  the  direction  in  which  alone  the  pallet  can  move,  and  £3^ 
or  BF,  perpendicular  to  that  direction.  The  last  of  these 
only  presses  the  pallet  and  crutch  against  the  pivot  hole  A. 
BE  is  the  only  useful  lorcc,  or  the  force  communicated  to 
the  pallet,  enabling  it  to  maintidn  the  pendulum^s  mo- 
tion, by  restoring  the  momentum  lost  by  friction  and  other 
causes^ 

But  this  is  a  very  erroneous  account  of  the  modus  opertm^ 
dt,  as  may  be  seen  at  once,  by  supposing  the  radius  of  the 
pallets  to  be  a  tangent  to  the  wheel.  This  is  a  portion 
most  frequently  given  to  them,  and  is  the  very  portion  ia 
Plate  VIII.  fig.  3.  In  this  case  MB  is  perpendicular  to 
BA,  and  therefore  BD  will  coincide  with  BA,  and  there 
will  be  no  such  force  as  BE  to  move  the  pendulum.  It  is 
a  truth,  deducible  from  what  we  know  of  the  mechaniesl 
constitution  of  solid  bodies,  and  confirmed  by  numberless 
observations,  that  when  two  solid  bodies  press  on  each  other, 
either  in  impulsion  or  in  dead  pressure,  the  direction  in  which 
the  mutual  pressure  is  exerted  is  always  perpendicular  to 
the  touching  surfaces,  whatever  has  been  the  direction  of  tht 
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impeUiiig  body  (See  Impulsion  and  Machinery.)  More- 
over  thispressureb  mutual,  equal,  and  opposite.  Whatever  be 
the  shapes/of  the  faces  of  the  tooth  and  pallet,  we  can  draw 
m  plane  6N,  which  is  the  common  tangent  to  both  surfaces^ 
and  a  luie  HBI  through  the  point  of  contact  perpendicular 
to  BN.  It  is  farther  demonstrated  in  the  article  Machine-* 
ATy  that  the  action  of  the  wheel  on  the  pendulum  is  the 
same  as  if  the  whole  crutch  were  annihilated,  and  in  its 
stead  there  were  two  rigid  lines  AH,  MI,  from  the  centres 
of  the  crutch  and  wheel,  perpendicular  to  HI,  and  connect- 
ed by  a  third  rigid  line  or  rod  HI,  touching  the  two  in  H 
•ndl. 

For  if  a  weight  V  be  hung  at  o,  the  extremity  of  the  ho- 
raoDtal  radius  M  t)  of  the  wheel,  it  will  act  on  the  lever  v 
MI,  pressing  its  point  I  upwards  in  the  direction  IH  per-s- 
pendicular  to  MI ;  the  upper  end  of  this  rod  IH  will,  in 
like  manner,  press  the  extremity  H  of  the  rod  HA,  and  this 
will  iii|;e  the  pendulum  from  P  toward  R.  To  withstand 
th]%  the  pendulum  rod  AP  may  be  withheld  by  a  weight  z^ 
h^nfp^g  by  a  thread  on  the  extremity  of  the  horizontal  lever 
As,  equal  to  M  o,  and  connected  with  the  crutch  and  pen-^ 
dulum.  The  weights  V  and  z  may  be  so  proportioned  to 
each  other  that,  by  acting  perpendiculary  on  the  crooked 
levers  v  MI,  and  z  AH,  the  pressures  at  H  and  I  shall  be 
equal,  and  just  balance  each  other  by  the  intervention  of  the 
fod  HI.  When  this  is  the  case,  we  have  put  things  into 
the  same  mechanical  state,  in  respect  of  mutual  action,  as  is 
effected  by  the  crutch,  pallets,  and  wheel,  which,  in  like 
manner,  produce  equal  pressures  at  B  the  point  of  contact, 
in  the  direction  BH  and  BI.  The  weight  V  may  be  such 
aa  produces  the  Very  same  effect  at  B  that  is  produced  by 
the  pcevious  tndn  of  wheel-work.  The  weight  z  therefore 
must  be  just  equal  to  the  force  produced  by  the  wheel- work 
cm  the  point  z  of  the  pendulum  rod,  because  by  acting  in 
the  opponte  direction  it  just  balances  iu    Let  us  see  there^ 
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ibre  virhat  force  is  oommunicftted  to  the  pendkihiai  lij  the 
wheels. 

Let  X  be  the  upward  pressure  exched  at  I,  and  jr  the 
equal  opposite  pressure  excited  at  H.  Then,  bj  the  pro* 
perty  of  the  lever,  we  hare  MI :  M  e  =  V : «,  and  «  X  MI 
=  V  X  M  o.  In  like  manner^  x  AH  =  Z  X  A  x.  T1ic»* 
fiwe,  because  x  =^,  and  A  x  =  M  o»  we  hare  V :  Z  =  IQ : 
AH.  That  is,  the  force  exerted  hj  the  toodi  of  the  whed 
in  the  direction  of  its  motion  b  to  the  force  inipresaed  on 
the  pendulum  rod  at  a  distance  equal  to  the  radiua  of  the 
wheel  as  MI  to  AH.  The  force  impressed  on  die  ball  of 
the  pendulum  is  less  than  this  in  the  proportion  of  AP  to 
A  ir,  or  M  V. 

Cor,  1.  If  the  perpendiculars  MN,  AO»  be  drawn  on 
the  tangent  plane,  the  forces  at  B  and  z  will  be  as  BN  to 
BO.  For  these  lines  are  reflectively  equal  to  MI  and 
AH. 

Cor.  2.  If  HI  meet  the  line  of  the  centres  AC  in  S,  the 
forces  will  be  as  S>f  to  SA ;  that  is,  V :  Z  =  SM :  SA. 

Cor.  3.  If  the  face/S  B  ft  of  the  pallet  be  the  evicdutrix  of 
a  circle  described  with  the  radius  AH,  and  the  face  of  the 
tooth  be  the  evolutrix  of  a  circle  described  with  the  nulius 
MI,  the  force  impressed  on  the  pendulum  by  the  "wheek 
will  be  constant  during  the  whole  vibraticMi.     But  these 
are  not  the  only  forms  which  produce  this  constancy. 
The  forms  of  teeth  described  by  different  authors,  such 
as  De  la  Hire,  Camus,  &c.  for  producing  a  constant  force 
in  trains  of  wheel-work,  will  have  the  same  effect  here. 
It  is  also  easy  to  sec  that  the  force  impressed  on  the  pcnduh 
lum  may  be  varied  according  to  any  law,  by  making  these 
faces  of  a  proper  form.     Therefore  the  face,  from  B  out. 
wards,  may  be  so  formed  that  the  force  communicated*  to 
the  pendulum  by  the  wheels,  during  its  descent  from  Q  to 
P,  may  be  in  one  constant  propiirtiori  to  the  acceleration  of 
gravity,  and  then  the  sum  of  the  forces  will  be  such  as  pro- 
duces isochronous  vibrations.     If  tlie  inner  part  B  &  of  the 
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face  be  formed  on  the  same  principle,  the  difTerenoe  of  the 
fbrcei  will  have  the  same  law  of  variation.  If  the  face  /S  b 
be  the  evolutrix  of  a  circle,  and  the  tooth  B  terminate  in  a 
point  gently  rounded,  cht  quite  angular,  the  force  on  the 
poMlulum  will  continually  increase  as  the  tooth  slides  from 
^  to  &.  For  the  line  AH  continues  of  the  same  magnitude, 
and  MI  dimini^ies.  The  contrary  will  happen,  if  the  pal- 
let be  a  point,  either  sharp  or  rounded,  and  if  the  face  of 
the  tooth  be  the  evolutrix  now  mentioned ;  for  MI  will  re- 
main  the  same,  while  AH  diminishes.  If  the  tooth  be 
pmnted,  and  /S  i  be  a  straight  line,  the  force  communicated 
to  tbe  fjiendulum  will  diminish,  while  the  tooth  slides  from 
0iob.  Tor  in  this  case  AH  diminishes  and  MI  increases. 
Cor.  4.  In  general,  the  force  on  the  pendulum  is  greater 
as  the  angle  MB  &  increases,  and  as  AB  b  diminishes. 

Car*  5.  The  angular  velodty  of  the  wheel  is  to  that  of 
the  pendulum,  in  any  part  of  its  vibration,  as  AH  to  MI. 
This  If  evident,  because  the  rod  IH  moving  (m  the  moment 
uiMferooniideratibn)  in  its  own  direction,  the  points  H  and 
I  move  through  equal  spaces,  and  therefore  the  angles  at 
A  andM,  must  be  inversely  as  the  radiL 

All  that  has  now  been  smd  of  the  first  pallet  AB  may  be 
applied  to  the  second  pallet  AC. 

If  the  perpendicular  C  t  be  drawn  to  the  touching  plane 
•  C  ii»  cutUng  AM  in  «,  we  shall  have  Y  :  z  =:  siA  :  s  AyOs 
in  Cor.  2.  And  if  the  perpendiculars  Mt,  A  A,  be  drawn 
on  C  «,  we  have  V :  Z  =  M  t :  A  A,  as  in  the  general  theo- 
rem. The  only  difference  between  the  action  on  the  two 
pallets  is,  that  if  the  faces  of  both  are  plain,  the  force  on  the 
pendulum  increases  during  the  whole  of  the  action  on  the 
pallet  C,  whereas  it  diminishes  during  the  progress  of  the 
tooth  along  the  other  pallet 

The  reader  will  doubtless  remark  that  each  tooth  of  the 
wheel  acts  on  both  pallets  in  succesrion ;  and  that,  during 
its  action  on  either  of  them,  the  pendulum  makes  one  vibnu 
taoQ.     Therefore  the  number  of  vibrations  during  one  turn 
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of  the  wheel  is  double  the  number  of  the  teeth :  coiiaeqlicnt< 
ly^  while  the  tooth  slides  along  one  of  the  pallets,  it  advtnoei 
half  the  space  between  two  succesave  teeth  ;  and  when  it 
escapes  from  the  pallet,  the  other  tooth  ncy  be  just  in  oxif- 
tact  with  the  other  pallet     We  say  it  msy  be  so ;  in  which 
case  there  will  be  no  dropping  of  the  teeth  from  pallet  to 
pallet.     This,  however,  requires  very  nice  workmanship, 
and  that  every  tooth  be  at  precisely  the  same  disfamce  &om 
its  neighbour.     Should  the  tooth  which  is  just  going  to  ap- 
ply to  a  pallet  chance  to  be  a  little  too  far  advanced  on  the 
wheel,  it  would  touch  the  pallet  before  the  other  had  escap- 
ed.    Thus,  suppose  that  before  B  escapes  from  the  point  h 
of  the  pallet,  the  tooth  C  is  in  contact  with  the  pallet  C^ 
B  cannot  escape.     Therefore  when  the  pendulum  returns 
from  R  towards  Q,  the  pallet  fi  6,  returning  along  nith  it, 
will  push  back  the  tooth  B  of  the  wheel.     It  does  this  in 
opposition  to  the  force  of  the  wheel.     Therefore,  whatever 
motion  the  wheel  had   communicated  to  the  pendulum, 
during  its  swing  from  P  to  Q,  will  now  be  taken  from  it 
again.     The  pendulum  will  not  reach  Q,  because  it  hid 
been  aided  in  its  motion  from  Q,  and  had  proceeded  further 
tlian  it  would  have  done  without  this  help.     Its  motion  to- 
ward Q  is  further  diminished  by  the  friction  of  the  pallet 
Therefore  it  will  now  return  again  from  some  nearer  point}} 
and  will  not  go  so  far  as  in  the  last  vibration,  but  will  re- 
turn through  a  still  shorter  arch :  And  this  will  be  still  more 
contracted  in  the  next  vibration,  &c.  &c.     Thus  it  appears 
that  if  a  tooth  chances  to  touch  the  pallet  before  the  escape 
of  the  other,  the  wheel  will  advance  no  farther,  and  soon  after 
the  pendulum  will  be  brought  to  rest. 

For  such  reasons  it  is  necessary  to  allow  one  tooth  to  es- 
ca))c  a  little  before  the  other  reaches  the  pallet  on  which  it  is 
to  act,  and  to  allow  a  small  drop  of  the  teeth  from  pallet  to 
pallet.  But  it  is  accounted  bad  workmanship  to  let  the  drop 
be  considerable,  and  close  scapement  is  accounted  a  mark  of 
care  and  of  good  workmanship.     It  is  evidently  an  advan- 
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Cage,  because  it  gives  a  longer  time  of  action  on  each  pallet 
This  freeing  the  scapement  cannot  be  accomplished  by  filing 
aomething  from  the  face  of  the  tooth ;  because  this  being 
done  to  ally  the  distance  between  them  is  diminished  rather 
than  augmented.  The  pallets  must  be  first  scaped  as  close 
MB  possible.  This  obliges  the  workman  to  be  careful  in 
making  the  teeth  equidistant  Then  a  small  matter  is  taken 
fiom  the  point  of  each  pallet,  by  filing  off  the  back  b  r  of  the 
pallet  The  tooth  will  now  escape  before  it  has  moved 
through  half  a  spaced 

From  all  that  has  been  siud  on  this  particular,  it  appears 
that  the  interval  between  the  pallets  must  comprehend  a  cer- 
tain number  of  teeth,  and  half  a  space  more. 

The  first  circumstance  to  be  considered  in  contriving  a 
acspement  is  the  angular  motion  that  is  intended  to  be  given 
to  the  pendulum  during  the  action  of  the  wheel.  This  is 
usuaOj  called  the  angle  of  scapement^  or  the  angle  of  action. 
Having  fixed  on  an  angle  a  that  we  think  proper,  we  must 
aecure  it  by  the  position  and  form  of  the  face  of  the  pallets. 
Knowing  the  number  of  teeth  in  the  swing- wheel,  divide 
160^  by  this  number,  and  the  quotient  is  the  angle  b  of  the 
wheel^s  motion  during  one  vibration  of  the  pendulum.  In 
the  line  AM,  joining  the  centres  of  the  crutch  and  wheel, 
make  SM  to  SA,  and  «  M  to  t  A,  as  the  angle  a  to  the  angle 
h;  and  then,  having  determined  how  many  teeth  shall  be 
comprehended  between  the  pallets,  call  this  number  n.  Mul« 
'  tiply  the  angle  ft  by  2  n  + 1,  and  uke  the  half  of  the  product 
8et  off  this  half  in  the  circumference  of  the  wheel  (at  the 
points  of  the  teeth)  on  each  side  of  the  line  joining  the  centres 
of  the  crutch  and  wheel,  as  at  TB  and  TC.  Through  S 
and  «  draw  SB  and  s  C,  and  through  B  draw  fiBb  perpen- 
dicular to  SB,  for  the  medium  position  of  the  face  of  the  first 
pallet ;  that  is,  for  its  position  when  the  pendulum  hanjrg 
perpendicular.  In  like  manner,  drawing  o  C  n  perpendicu- 
lar to  «  C,  we  have  the  medium  position  of  the  second  pallet 
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The -demonstration  of  thisconttructioii  is  Teiy  eridaft  bm 
what  has  been  siud. 

We  have  hithertosuppoaed  that  the  pendulum  finidieiits 
▼ibration  at  the  instant  that  a  tooth  of  the  whed  CMnpi 
from  a  pallet,  and  another  tooth  drops  on  the  dher  pdkt 
But  this  is  never,  or  should  never  be,  the  case.  ThepeMhi- 
lum  is  made  to  swing  somewhat  beyond  the  ud^  of  mpe^ 
ment :  for  if  it  do  not  when  the  dock  is  dean  and  in  good 
order,  but  stop  precisely  at  the  drop  of  a  tooth,  then,  whea 
it  grows  foul,  and  the  vibration  diminisheB^  the  teeth  wiDnot 
escape  at  all»  and  the  dock  will  immediatdy  atop.  Tboe- 
fore  the  force  communicated  by  the  wheels  durii^  the  vihn- 
tion  within  the  limits  of  scapement,  must  be  incnased  so  as 
to  make  the  pendulum  tkrwo  (as  the  artists  tenn  it)  father 
put ;  and  a  dock  is  more  valued  when  it  throws  out  onwder- 
ably  beyond  the  angle  of  scapement  There  are  good  rea- 
sons  for  this.  The  momentum  of  the  penduluni»  and  ill 
power  to  regulate  the  clock  (which  Mr.  Harrison  ngoifieut- 
)y  called  its  dcmnum^)  is  proportional  to  the  width  of  b 
Tibrations  very  nearly. 

This  drcumstance  of  exceeding  the  angle  of  scapenent 
has  a  very  great  influence  on  the  performance  of  the  dock* 
or  greatly  affects  the  dominion  of  the  pendulum.  It  is  eisj 
to  see  that,  when  the  face  /S  6  of  the  leading  pallet  b  a  plane^ 
if  the  pendulum  continue  its  motion  to  the  right,  from  F  to* 
ward  Q,  after  the  tooth  B  has  dropped  on  it,  the  pallet  wjD 
push  the  wheel  back  again,  while  the  tooth  slides  outward 
on  the  pallet  toward  fi.  Such  pallets  therefore  will  makes 
recoiling  sc&panenty  resembling,  in  this  circumstance,  the  old 
pallet  employed  with  the  crown  wheel,  and  will  have  tbe 
properties  attached  to  this  circumstance.  One  oonsequeooe 
of  this  is,  that  it  is  much  affected  by  any  inequalities  of  die 
maintaining  power.  It  is  a  matter  of  the  most  familiar  oi^ 
servation,  that  a  common  watch  goes  slower  when  witbio 
a  quarter  of  an  hour  of  being  down,  when  the  action  of  the 
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cpring  18  very  weak,  in  consequence  of  its  not  pulling  by 
a  radius  of  the  fusee.  We  observe  the  same  thing  in 
the  beating  of  an  alarum  dock.  Also  if  we  at  any  time 
press  forward  the  wheel-work  of  a  common  watch  with 
the  key,  we  observe  its  beats  accelerate  immediately.  The 
aeascm  of  thb  is  pretty  plain.  The  balance,  in  conse- 
qnenoe  of  the  acceleration  in  the  angle  of  scapcment,  would 
hate  gone  much  farther,  employing  a  considerable  time  in 
the  excuraon.  This  is  checked  abruptly,  which  both  short- 
ens the  vibration  and  the  time  employed  in  it  In  the  re- 
turn of  the  pendulum,  the  motion  is  accelerated  the  whole 
way,  ak»^  an  arch  which  is  shorter  than  what  corresponds 
to  its  vdocity  in  the  middle  point ;  for  it  is  again  checked 
oa  the  other  side,  and  does  not  make  its  full  excursion. 
Moreover,  all  this  irregularity  of  force,  or  the  great  devia- 
ti(m  from  a  resistance  to  the  excursion  proportional  to  the 
distance  Irom  the  middle  point,  is  exerted  on  the  pendu- 
lum when  it  is  near  the  end  of  the  excursion,  where  the  ve- 
locity bdng  small,  this  irregular  force  acts  long  upon  it,  at 
the  very  time  that  it  has  little  force  wherewith  to  resist  it 
All  tetnporary  inequalities  of  force,  therefore,  will  be  more 
felt  in  this  situation  of  the  balance  than  if  th^y  had  been 
exerted  in  the  middle  of  its  motion.  And  although  the  re- 
gulating power  of  a  pendulum  greatly  exceeds  that  of  the 
light  balances  used  in  pocket  watches,  something  of  the  same 
kind  may  be  expected  even  in  pendulum  clocks.  Accord- 
ingly th'is  appears  by  a  series  of  experiments  made  by  Mr. 
Berthoud,  a  celebrated  watch-maker  of  Paris.  A  clock,  with 
a  half  second  pendulum  weighing  five  drams,  was  furnished 
with  a  recoiling  scapement,  whose  pallets  were  planes.  The 
angle  of  scapement  was  5}  degrees.  When  actuated  with  a 
weight  of  two  pounds,  it  swung  8^,  and  lost  15''  per  hour ; 
with  four  pounds,  it  swung  10°,  and  lost  6'^  Thus  it  ap- 
pears that  by  doubling  the  maintaining  power,  although  the 
vibration  was  increased  in  consequence  of  the  greater  im- 
pulse, the  time  was  lessened  9*'  per  hour,  viz.  about  7^. 
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It  is  plain,  from  what  was  said  when  we  described  the  fii 
scapement,  that  an  increase  of  maintaining  power  must  rend^ 
the  vibration  more  frequent.  We  saw,  on  that  ocoasion,  ths 
even  when  the  gravity  of  the  pendulum  is  balanced  by 
weight  on  the  other  end  of  the  rod,  the  force  of  the  whee 
will  produce  a  vibratory  motion,  and  that  an  augmentatiG 
pf  this  force  will  increase  it,  or  make  the  vibrations  moa 
rapid.  The  precise  effect  of  any  particular  form  of  teet 
can  be  learned  only  by  computing  the  force  on  the  pendi 
lum  in  every  position,  and  then  constructing  the  curve  )i 
C  of  Plate  VIII  fig.  1.  The  rapid  increase  of  the  ordinati 
beyond  those  of  the  triangle  ADC,  forms  a  condderabl 
area  DA  «•  o,  to  compensate  the  area  «  o  C,  and  thus  maki 
a  considerable  contraction  A  t  of  the  vibration,  and  a  sez 

^ble  contraction  -^  of  the  time. 

Mr.  George  Grahamf,  the  celebrated  watchmaker  ia  Loa 
don,  was  also  a  good  mathematician,  and  well  qualified  U 
consider  this  subject  scientifically.     He  contrived  a  scape 
ment,  which  he  hoped  would  leave  the  pendulum  almost  in 
its  natural  state.     The  acting  lace  of  the  pallet  ate  (Plate 
VIII.  fig.  4.)  is  a  plane.     The  tooth  drops  on  a,  and  escapes 
from  c,  and  is  on  the  middle  point  b  when  the  pendulum  Is 
perpendicular.     Beyond  a,  the  face  of  the  pallet  is  an  arch 
a  d,  whose  centre  is  A,  the  centre  of  the  criitch.   The  main- 
taining  power  is  made  so  great  as  to  produce  a  much  greater 
vibration  than  the  angle  of  active  scapement  a  A  c.     The 
consequence  of  this  is  that,  when  the  tooth  drops  on  the 
angle  a,  the  pendulum,  continuing  its  motion,  carries  the 
crutch  along  with  it,  and  the  tooth  presses  on  the  arch  a  d, 
in  a  direction  passing  through  the  centre  of  the  crutch. 
This  pressure  can  neither  accelerate  nor  retard  the  motion 
of  the  crutch  and  pendulum.     As  the  pendulum  was  acce- 
lerated after  it  passed  the  perpendicular,  by  the  other  pallet, 
it  will  (it*  quite  unobstructed)  throw  out  farther  than  what 
corresponds  to  the  velocity  which  it  had  in  th^  middle  point 
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of  its  vibration ;  perhaps  till  the  tooth  passes  from  a  to  e  on 
the  oircular  arch  of  the  pallet.  But  although  it  sustains  no 
contrary  action  from  the  wheels  during  this  excursion  b^ 
jond  the  angle  of  scapement,  it  will  not  proceed  so  far,  but 
will  stop  when  the  tooth  reaches  d ;  because  there  must  be 
aome  resistance  arising  from  the  friction  of  the  tooth  along 
the  arch  a  dy  and  from  the  clamminess  of  the  oil  employed 
Id  lubricate  it :  but  this  resistance  is  exceedingly  minute, 
not  amounting  to  ^th  of  the  pressure  on  the  arch.  Nay, 
we  think  that  it  appears  from  the  experiments  of  Mr.  Cou- 
lomb that,  in  the  case  of  such  minute  pressures  on  a  surface 
covered  with  oil,  there  is  no  sensible  retardation  analogous 
to  that  produced  by  friction,  and  that  what  retardation  we 
obocrve  arises  entirely  from  the  clam  miness  of  the  oil  We  are 
ao  imperfectly  acquainted  with  the  manner  in  which  friction 
4Uid  viscidity  obstruct  the  motions  of  bodies,  that  we  cannnot 
pronounce  decisively  what  will  be  their  efTect  in  the  present 
Friction  does  not  increase  much,  if  at  all,  by  an  in- 
of  velocity,  and  appears  like  a  fixed  quantity  when 
the  pressure  is  given.  This  makes  all  motions  which  are 
obstructed  by  friction  terminate  abruptly.  This  will  short- 
ad  both  the  length  and  the  time  of  the  outward  excursioa 
of  the  pendulum.  The  viscidity  of  the  oil  resists  different- 
Jy,  and  more  nearly  in  the  proportion  of  the  velocities.  The 
diminution  of  motion  will  not  be  in  this  proportion,  because 
in  the  greater  velocities  it  acts  for  a  shorter  time.  Were 
this  accurately  the  case,  the  resistance  of  viscidity  wpuld  also 
be  nearly  constant,  and  it  would  operate  as  friction  does. 
But  it  does  not  stop  a  motion  abruptly,  and  the  motions  are 
extinguished  gradually.  Therefore,  although  viscidity  must 
always  diminish  the  extent  of  the  excursion,  it  may  so  vary 
as  iiot  to  diminish  the  time.  We  apprehend^  however,  tha^ 
it  generally  does.  But  whatever  happens  in  the  excursion, 
the  return  will  certainly  be  slower,  and  employ  more  time 
than  if  it  had  not  been  obstructed,  because  the  velocity  in 
^very  point  is  less  than  if  perfectly  free.     Tbe  whole  arcb, 
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consisting  of  a  returning  arch  and  an  excurBkm  on  the  olhsr 
side,  may  be  either  slower  or  quicker,  according  as  the  ocmi- 
pensation  is  complete  or  not,  or  is  even  overdone^ 

All  these  reflections  occurred  to  Mr.  Greham  ;  and  he 
was  persuaded  that  the  time  of  the  tooth^s  remaiiiingon  the 
arch  a  d,  both  ascending  and  descending,  would  differ  very 
little  from  that  of  the  description  of  the  same  arch  bj  a  free 
pendulum.    The  great  causes  of  inegularitj  seemed  to  be 
removed,  viz.  the  inequalities  in  the  action  of  the  wbeds  in 
the  vidnity  of  the  extremity  of  the  vibration,  where  the  pen- 
dulum having  little  momentum  is,  long  in  the  same  httle 
space,  exposed  to  their  action.     The  derangement  psmluoed 
by  any  force  depends  on  the  time  of  its  action,  and  thcrefoee 
must  be  greatest  when  the  motion  is  slowest.     The  pendu- 
lum gets  its  impulse  in  the  very  middle  of  its  vihratian^ 
where  its  velodty  is  the  greatest ;  and  therefore  the  inequa- 
lities of  the  maintaining  power  act  on  it  only  for  a  thart  time^ 
and  make  a  very  trifling  alteration  in  the  time  of  its  describ- 
ing the  arch  of  sci^ment.     Beyond  this,  it  is  nearly  in  the 
state  of  a  free  pendulum  ;  nay,  even  though  it  be  afleeted 
by  an  inequality  of  the  muntaining  power,  and  it  be  aeoe- 
Jerated  beyond  its  usual  rate  in  that  arch,  the  chief  effect  of 
this  will  be  to  cause  it  tp  describe  a  larger  arch  of  excursion. 
The  shortening  of  the  time  of  this  description  by  the  friotion 
will  be  the  same  as  before,  happening  at  the  very  end  of  the 
excursion ;  but  the  return  will  be  more  retarded  by  the  fric- 
tion on  a  longer  arch.     And,  by  this,  a  compensation  may 
be  made  for  the  trifling  contraction  of  the  time  of  describing 
the  arch  of  scapement 

This  circumstance  of  giving  the  impulse  in  the  middle  of 
the  vibration,  where  its  time  of  action  is  the  smallest  possi- 
ble, and  whereby  the  pendulum  is  so  long  left  free  from  the 
action  of  the  wheels,  is  of  the  very  first  importance  in  all 
scapements,  and  should  ever  be  in  the  mind  of  the  mechani- 
cian. When  this  is  adhered  to,  the  form  of  the  face  a  ft  c  is 
scarcely  of  any  moment     Much  has  been  written  on  this 


fornkf  and  many  attempu  have  been  made  to  make  it  such 
that  the  action  of  the  wheel  shall  be  proportional  to  the  ac- 
tion of  gravity.  To  do  this  is  absolutely  impossible.  Mr. 
Graham  made  them  planes,  noit  only  because  of  easiest  exe- 
cution, but  because  a  plane  really  conspires  pretty  well  with 
the  dwnge  of  gravity.  While  the  pendulum  moves  from 
Q  to  P  (Plate  VIII.  fig.  3.),  the  force  of  gravity,  acting  in 
tbo  direction  QP,  is  continually  diminishing.  So  is  the  ac- 
cderating  power  of  the  pallet  from  a  to  i.  When  the  pen« 
dohnn  risee  from  F  to  B,  a  force  in  the  opposite  direction 
SP  continually  increases.  This  is  analogous  to  the  conti- 
bimI  diminution  of  a  force  in  the  direction  PR.  Now  we 
have  such  a  diminution  of  such  a  force,  in  the  action  of  the* 
pallet  finom  &  to  c,  and  such  an  augmentation  in  the  actbn 
of  the  other  pallet. 

Vor  all  these  reasons,  this  construction  of  a  sct^ment  ap- 
peared very  promising.  Mr.  Graham  put  it  in  practice,  and 
it  aoewtred  his  most  sanguine  expectation,  and  is  now  uni- 
▼anally  adq>ted  in  aU  nice  clocks.     Mr.  Graham,  however^ 
did  not  think  it  prudent  to  cause  a  tooth  to  drop  on  the  very 
ai^le  a  of  the  pallet.     He  made  it  drop  on  a  point /of  the 
arch  of  excursion.     This  has  also  the  advantage  of  dimi- 
nishing the  angle  of  action,  which^  we  have  proved  to  be  of 
aervipe.     It  requireSf  indeed,  a  greater  maintaining  power ; 
but  this  can  easily  he  procured,  and  is  less  affected  by  the 
diangea  to  which  it  is  liable  by  the  effect  of  heat  and  cold 
cm  the  oiL     Our  observations  on  the  effects  of  friction  and 
viscidity  in  the  arch  a  d  seem  to  be  confirmed  by  the  obser- 
vations of  several  artists,  who  agree'  in  saying  that  a  great 
increase  of  mamtaining  power  increases  the  vibrations,  but 
makes  them  perceptibly  slower.     When  they  wrote,  much 
oil  was  applied  to  diminish  the  friction  on  the  arch  of  re- 
pose ;  but,  since  that  time,  the  rubbing  parts  were  made 
such  ae  required  no  oil,  and  this  retardation  disappeared. 
In  the  clock  of  the  transit  room  of  the  Royal  Observatory, 
the  angle  of  action  seldom  exceeds  one-third  of  the  swing  of 
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the  pendulum.  The  pallets  are  of  oriental  ruby,  aad  the 
nf  heel  is  of  steel  tempered  to  the  utmost  degree  of  hardneK. 
This  clock  never  varies  a  whole  second  from  equable  mo- 
tion in  the  course  of  five  days. 

This  contrivance  is  known  by  the  name  of  the  dead  beat, 
the  DEAD  SCAPEMENT ;  because  the  seconds  index  fltiDds 
still  after  each  drop,  whereas  the  index  of  a  dock  with  a  re- 
coiling scapement  is  always  in  motion,  hobbling  badcwnd 
and  forward. 

These  scapements,  both  Tecoiling  and  dead  beat,  hsfe 
been  made  in  a  thousand  forms ;  but  any  person  tolerahlj 
acquainted  with  mechanics,  will  see  that  they  are  all  on  the 
same  principles,  and  differ  only  in  shape  or  some  equally 
unimportant  circumstance.  Perhaps  the  most  conveoient 
of  any  is  that  represented  in  (Plate  VIII.  fig.  5.)  where  the 
shaded  part  is  the  crutch,  made  of  brass  or  iron,  and  A  and 
B  are  two  pieces  of  agate,  flint,  or  other  hard  stone,  cut  in- 
to the  proper  shape  for  a  pallet  of  either  kind,  and  firmly 
fixed  in  proper  sockets,  They  project  half  an  inch,  or  there- 
abouts, in  front  of  the  crutch,  so  that  the  swing  wheel  is 
also  before  the  crutch,  distant  about  ^\fth  of  an  inch  or  so. 
Pallets  of  ruby,  driven  by  a  hard  steel  swing  wheel,  need  no 
oil,  but  merely  to  be  once,  rubbed  clean  with  an  oily  cloth. 

Sometimes  the  wheel  has  pins  instead  of  teeth.  They  are 
ranged  round  the  rim  of  the  wheel,  perpendicular  to  its  plane, 
and  both  pallets  are  on  one  side  of  the  wheel,  standing  per- 
pendicular to  its  plane.  One  of  these  pins  drops  from  the 
first  to  the  second  pallet  at  once.  The  pallets  are  placed  on 
two  arms,  as  in  Plate  VIII.  fig.  6.  in  which  case  the  pins  are 
alternately  on  diflerent  sides  of  the  wheel ;  or  on  one,  as  in 
Plate  VIII.  fig.  7.  By  the  motion  of  the  pendulum  to  the 
right,  the  pin  (in  Plate  VIII.  fig.  7.),  after  resting  on  the 
concave  arch  d  a,  acts  on  the  face  a  c,  and  drops  from  c  on 
the  other  concave  arch  ig^  which  continues  to  move  a  little 
way  to  the  right.      It  then  returns,  and  the  pin  slides  and 
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acts  on  the  pallet  t  A,  and  escapes  at  h ;  and  the  next  pin  is 
then  on  the  areh  of  repose  d  a. 

It  being  evident  that  the  recoiling  scapement  accelerates 
the  vibrations  beyond  the  rate  of  a  free  pendulum,  and  it 
also  appearing  to  many  of  the  first  artists  that  the  dead  scape- 

•  ment  retards  them,  they  have  attempted  to  form  a  scape- 
ment which  shall  avoid  both  of  these  defects,  by  forming  the 
arches  a  dj  igy  so  as  to  produce  a  very  small  recoil.  Mr. 
Berthoud  does  this  in  a  very  simple  manner,  by  placing  the 
centre  of  a  d  at  a  small  distance  from  that  of  the  crutch,  so 
as  to  make  the  rise  of  the  pallet  above  the  concentric  arch 

I  about  one-third  of  the  arch  itself.  Applying  such  a  crutch 
to  the  light  pendulum  mentioned  in  a  former  paragraph,  he 
feund  that  doubling,  and  even  trebling  the  nudntaining  power, 
produced  no  change  in  the  time  of  vibration,  though  it  in- 
creased the  width  from  8^  to  12«  and  14«.  We  have  no 
doubt  of  the  efficacy  of  this  contrivance,  and  think  it  very 
proper  for  all  clocks  which  require  much  oil,  such  as  turret 
docks,  &c.  But  we  apprehend  that  no  rule  can  be  given 
for  the  angle  that  the  recoiling  arch  should  make  with  the 
oqpcentric  one.  We  imagine  that  this  depends  entirely 
on  the  share  which  friction  and  oil  have  in  producing  the 
retardation  of  the  dead  beat. 

Other  artists  have  endeavoured  to  avoid  the  inconvenien- 
ces of  friction  and  oil  on  the  arch  of  repose  in  another  way. 
Instead  of  allowing  the  tooth  of  the  wheel  to  drop  on  the 
back  of  the  pallet,  which  we  call  the  arch  ofexcursumy  and 
others  call  the  arch  ofreposcy  it  drops  on  a  detent  ota  (Plate 
VIII.  fig.  8.),  of  which  the  part  ( a  is  part  of  an  arch  whose 
centre  is  A,  the  centre  of  the  crutch,  and  the  part  t  o  is  in  the 
direction  of  the  radius.-  This  piece  does  not  adhere  to  the 
pallet,  but  is  on  the  end  of  an  arm  o  A,  which  turns  round 
the  axis  A  of  the  crutch  on  fine  pivots :  it  is  made  to  apply 
itself  to  the  back  of  the  pallet  by  means  of  a  slender  spring 
A  p,  attached  to  the  pallet,  and  pressing  inward  on  a  fnn  p, 
fixed  in  the  arm  of  the  detent     When  so  applied,  its  arck 
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t «  makes  the  repose,  and  its  point  a  makes  *  small  portioa 
of  the  face  a  c  of  the  pallet. 

The  action  of  this  apparatus  is  very  eanly  undentDod. 
When  a  tooth  escapes  from  the  second  pallet,  by  the  SMtkn 
of  the  pendulum  from  the  left  to  the  right,  another  toodi 
drops  on  this  pallet  (which  the  figure  shews  to  be  the  first 
or  leading  pallet)  at  the  angle  t,  and  rests  on  the  small  por« 
tion  t  a  of  an  arch  of  repose.     But  the  crutch,  cootinmBg 
its  motion  to  the  right,  immediately  quits  the  arm  a  A,  ca^ 
lying  the  pallet  acr  along  with  it,  and  leaving  the  wfaid 
locked  on  the  detent  o  to.  By  and  bjre  the  pendulum  finishei 
its  excursion  to  the  right,  and  returns.     When  itcoten  the 
arch  of  action,  the  pallet  has  applied  itself  to  the  dsfeents/o, 
and  withdraws  it  from  the  tooth.      The  tooth  imnediatdy 
acts  on  the  face  a  c  of  the  pallet,  and  restores  the  motkm 
lost  during  the  last  vibration.      The  use  of  the  vprag  is 
merely  to  keep  the  detent  applied  to  the  pallet  without 
shaking.   It  is  a  Uttle  bent  during  their  separation,  and  addi 
something  of  an  opposing  force  to  the  ascent  of  the  pendu- 
lum on  the  other  side  of  the  wheel,  and  accelerates  its  retun. 
A  similar  detent  on  the  back  of  the  second  pallet  perfionas 
a  similar  office,  supporting  the  wheel  while  the  pendulum 
is  beyond  the  arch  of  scapement,  and  quitting  it  when  the 
pendulum  enters  that  arch. 

We  do  not  know  who  first  practised  this  very  ingenious 
and  promising  invention.  Mr.  Mudge  certainly  did  soeadj 
as  1753  or  1754.  Mr.  Berthoud  speaks  obscurely  of  con* 
trivances  of  the  same  nature.  So  does  Le  Roy,  and  (we 
think)  Le  Paute.  We  say  that  it  is  very  promising.  Fric- 
tion is  almost  annihilated  by  transferring  it  to  the  pivots  at 
A;  so  that,  in  the  excursion  beyond  the  angle  of  scapement, 
the  pendulun  seems  almost  free.  Indeed  some  artists  of  our 
acquaintance  have  even  avoided  the  friction  of  the  pivots  at 
A,  by  making  the  arm  of  the  detent  a  spring  of  consklerahk 
thickness,  except  very  near  to  A,  where  it  is  made  very  thm 
and  broad.     But  we  do  not  find  that  this  construction, 
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thoai^  einly  exeeuted,  and  lusoeptibk  of  grtat  precukm 
«iid  itMidineM  of  actinii,  b  much  practised.  We  presume 
that  the  perfbnnaiice  has  not  answered  expectations.  It  has 
not  been  superior  to  the  incomparably  more  ttmple  dead 
aaqpement  of  Graham.  Indeed  we  think  that  it  cannot  A 
part  of  the  frictioa  still  remains,  which  cannot  be  removed ; 
■amely,  while  the  arch  e  a  is  drawn  from  between  the  tooth 
and  pallet  Nay,  we  apprehend  that  something  more  thatt 
ftieCioQ  must  be  overoome  here.  The  tooth  is  apt  to  force 
the  detent  outward,  unless  the  part  I  a  be  a  little  elevated 
at  its  point  a  like  a  daw,  above  the  oonoentric  arch,  and  th6 
fine  of  the  tooth  be  made  to  incline  forward,  so  as  to  fit  this 
shiqpe  of  the  detent  This  will  consume  some  force,  wheA 
die  momentum  of  the  pendulum  is  by  no  means  at  its  maxi- 
mal. Should  the  dock  be  foul,  and  the  excursions  beyond 
icapeqient  be  very  small,  this  disturbance  must  be  exceed-^ 
iflglf  pernicious.  But  we  have  a  much  greater  objection* 
DosiBg  the  whole  excursion  beyond  scapement,  there  is  a 
MfW  foceof  a  spring  acting  on  the  pendulum,  which  deviatei 
eoMidenddy  ftom  the  proportions  of  the  aecderating  powar 
of  gmn^.  It  does  not  commence  its  action  till  the  detent 
aaparatefl  from  the  arm  of  the  crutch.  Then  the  spring  of 
the  detent  acts  as  a  retarding  force  against  the  excursion  of 
die  pendulum,  now  on  the  other  side,  bringing  it  sooner  to 
veitf  and  dien  accelerating  it  in  its  way  back  to  the  begins 
ning  of  the  arch  of  scapement  In  short,  this  construction 
should  have  the  properties  of  a  recoiling  scapement  We 
got  a  dock-4naker  to  make  some  experiments  on  one  which 
he  had  made  for  an  amateur,  which  fully  confirmed  our  con- 
jecture. When  the  detent  spring  was  strong*  an  increase 
of  maintaining  power  made  the  vibmtions  both  wider  and 
aMire  rafMd.  The  artist  reduced  the  strength  of  the  qmng 
till  this  effect  was  rendered  very  small.  It  might  perhiqpa 
be  quite  removed  by  means  of  a  still  weaker  spring :  Boi 
the  spring  was  already  so  weak,  that  a  hard  step  on  the  flocff 
of  the  room  did  sometimes  disengage  the  detent  ffoni  tiM 
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wheels  It  mppeuiy  therefore,  thit  noduBg  cm  lie  nma^ 
My  expected  from  this  coDstmctibn  that  is  not  «s«dl  |k^ 
fatmed  by  the  dead  scapement  of  Mr.  Grahani,  of  vHh 
eiaer  executioa  and  more  oertain  perfermanoe. 

Very  similar  to  this  construetioii  (at  kaat  ki  the  eieiinbi 
beyond  the  angle  of  scapement)  is  the  oonstnicboa  of  Mr« 
Camming,  and  it  has  the  same  defects.  His  palktswi 
cirried,  as  in  the  one  described,  by  the  crutdi.  The  ds» 
tents  press  on  them  behind  by  their  wdgbt  only :  thcieiMR^ 
when  the  tooth  is  locked  on  the  detent  of  one  pallet,  ib 
w^ht  is  taken  off  from  the  pendulum  on  that  nde^  and  the 
weight  of  the  detaat  on  the  other  side  oppoaea  tfaeasceat, 
and  accelerates  the  descent  of  the  pendulum. 

Mr.  Gumming  executed  another  scapementy  eoasaliBi^ 
like  those,  of  a  pallet  and  detent  But  the  manner  of  app^ 
ing  the  maintaining  power  b  extremely  different  in  priao- 
fde  from  any  yet  described.  It  is  exceedingly  ingenioai^ 
and  seems  to  do  all  that  is  possible  for  rennmng  every  soone 
of  irregularity  in  the  maintainin|e  power,  and  every  obotroe* 
ticm  to  free  motion  arising  from  friction  and  oil  in  the  scsp^ 
ment  For  this  reason  we  shall  give  such  an  account  of  ill 
essential  circumstances  as  may  suffice  to  give  a  dear  oonoep* 
tion  of  its  manner  of  actings  and  its  good  properties  and  de* 
fects ;  but  referring  the  inquisitive  reader  to  Mr  Cumming*s 
Elements  of  Clock  and  Watch- Work,  published  in  1766, 
for  a  more  full  account 

In  the  scapements  last  described,  the  pallets  were  6xed  to 
the  crutch  and  pendulum,  and  the  maintiuning  power,  dur- 
ing its  action,  was  applied  to  the  pendulum  by  means  of  the 
pallets,  in  the  same  way  as  in  ordinary  scapements.  The 
detents  were  unconnected  with  the  pendulum,  and  it  was 
free  during  the  whole  excursion.  In  the  present  scapement 
both  the  pallets  and  detents  are  detached  from  the  pendu- 
lum, except  in  the  moment  of  unlocking  the  wheel ;  so  that 
the  pendulum  may  be  said  to  be  free  during  its  whole  vibra- 
tion, except  during  this  short  moment 
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ABC  (Plate  VIII.  fig.  9.)  represents  a  portion  of  the 
ftwing  wheel,  of  which  O  is  the  centre,  and  A  one  of  the 
teeth ;  Z  is  the  centre  of  the  crutch,  pallets^  and  pendulum. 
The  crutch  or  detents  is  represented  of  a  form  resembling 
the  letter  A,  having  in  the  circular  cross  piece  a  slit  ik^  also 
circular,  Z  being  the  centre.  This  form  is  very  different 
firom  Mr.  CummingX  and  inferior  to  his,  but  was  adopted 
here  in  order  to  avoid  a  long  description.  The  arm  ZF 
forma  the  first  detent,  and  the  tooth  A  is  represented  as  lock- 
ed on  it  at  F.  D  is  the  first  pallet  on  the  end  of  the  arm 
Z  d  moveable  round  the  same  centre  with  the  detents ;  but 
moveable  independently  of  them.  The  arm  d  e,  to  which 
the  pallet  D  is  attached,  lies  altogether  behind  the  arm  ZF 
of  the  detent^  being  fixed  to  a  round  piece  of  brass  e/g*, 
whkb  has  pivots  turning  concentric  with  the  verge  or  axis  of 
the  pmdulum.  To  the  same  round  piece  of  brass  is  fixed 
thehoriaontal  arm  e  H,  carrying  at  its  extremity  the  ball  H, 
of  such  nze,  that  the  action  of  the  tooth  A  on  the  pallet  D 
is  juat  able  (but  without  any  risk  of  failing)  to  raise  it  up  to 
the  poaition  here  drawn.  ZPp  represents  the  fork,  or  the 
pendulum  rod,  behind  both  detent  and  pallet  A  pin  p  pro- 
Jecta  forward,  coming  through  the  slit  i  k,  without  touching 
the  u|^r  or  under  margin  of  it.  There  is  also  attached  to 
the  fork  the  arm  m  n  (and  a  similar  one  on  the  other  side,) 
of  such  length  that,  when  the  pendulum  rod  is  perpendicu- 
lar, as  is  represented  here,  the  angular  distance  of  n  9  from 
the  rod  e  9  H  is  precisely  equal  to  the  angular  distance 
of  the  left  side  of  the  pin  p  from  the  left  end  i  of  the  slit 
ik. 

The  mode  of  action  on  this  apparatus  is  abundantly  sim- 
ile. The  natural  position  of  the  pallet  D  is  at  3,  represent- 
ed  by  the  dotted  lines,  resting  on  the  back  of  the  detent  F. 
It  is  naturally  brought  into  this  position  by  its  own  weight, 
and  still  more  by  the  weight  of  the  ball  H«  The  pallet  D^ 
being  set  on  the  fore  side  of  the  arm  at  Z,  comes  into  the 
same  plane  with  the  detent  F  and  the  swing-wheel.    It  is 
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drawn,  howerer,  in  the  figure  in  aaolher  position.  The  iDodi 
C  of  the  wheel  is  supposed  to  have  escaped  from  the  sseoal 
pallet,  on  which  the  tooth  A  immadiately  engages  with  dn 
pallet  D,  situated  at  >,  forces  it  out,  and  then  rats  on  tk 
detent  F,  the  pallet  D  leaning  on  the  tip  of  the  toodL  F  a 
brought  into  this  Situation  in  a  way  that  will  appear  pasat> 
ly.  After  the  escape  of  C,  the  pendulum,  momgdovatbe 
arch  of  semivibratioo,  is  represented  as  haring  attsiaed  Ae 
vertical  pontion.  Proceeding  still  to  the  left,  the  pbf 
reaches  the  extremity  t  of  the  slit  i  k  ;  and,  at  the  mmt  in- 
stant, the  arm  n  touches  the  rod  e  H  in  7.  The  paKhihn 
proceeding  a  hair^s  breadth  further,  withdraws  the  detent  F 
from  the  tooth,  which  now  even  pushes  off  tbedetcn^  bjr 
acting  on  the  slant  face  of  it.  The  wheel  bong  now  un- 
locked, the  tooth  following  C  on  the  other  ode  acts  en  its 
paUet,  pushes  it  ofi^,  and  rests  on  its  detent,  whidi  has  been 
rapidly  brought  into  a  proper  position  by  the  action  cf  Aoi 
the  slant  face  of  F.  It  was  a  similar  action  of  C  on  its  de- 
tent in  the  moment  of  escape,  which  brought  F  into  a  fit  piv 
sition  for  locking  the  wheel  by  the  tooth  A.  The  pendulim 
still  going  on,  the  arm  m  n  carries  the  weight  of  the  bsU  B^ 
and  the  pallet  connected  with  it,  and  it  comes  to  rest  befiit 
the  pin  p  again  reaches  the  end  of  the  slit,  which  had  been 
suddenly  withdrawn  from  it  by  the  action  of  A  on  the  shot 
face  of  F.  The  pendulum  now  returns  towards  the  right, 
loaded  on  the  left  with  the  ball  H,  which  restores  themotioa 
which  it  had  lost  during  the  last  vibration.  When,  by  its 
motion  to  the  right,  the  pin  p  reaches  the  end  it  of  the  slit 
iky  it  unlocks  the  wheel  on  the  right  side.  At  the  same in^ 
stant  the  weight  H  ceases  to  act  on  the  pendulum,  being 
now  raised  up  from  it  by  the  action  of  a  tooth  like  B  on  the 
pallet  D. 

I^et  us  now  consider  the  mechanism  of  these  motions. 
The  prominent  feature  of  the  contrivance  is  the  almost  ooffl» 
plete  disengagement  of  the  regulator  from  the  wbeds.  Tht 
wheels,  indeed,  act  on  the  pallets ;  but  the  pallets  are  then 
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icttclirti  from  the  pendulum.  The  sole  use  of  the  wheel  is 
to  nose  the  little  weights  while  the  peodulum  b  on  the  other 
Mk)  in  order  to  have  them  in  readiness  at  the  arrival  of  the 
pendulum*  They  are  then  laid  on  the  pendulum,  and  sup- 
ply an  accelerating  force,  which  restores  to  the  pendulum 
tiMfc  momentum  lost  during  the  preceding  vibration.  There- 
tare  no  inequalities  in  the  action  of  the  wheel  on  the  pallets, 
friiediier  arising  from  friction  or  oil,  has  any  effect  on  the 
niinlBiiiiiig  power.  It  remains  always  the  same,  namely, 
dto  loCatiye  momentum  of  the  two  wights.  The  only  dr- 
>,  in  which  the  irregularity  of  the  action  of  the 
affect  the  pendulum  is  at  the  moment  of  unlock- 
Here  indeed  the  regulator  may  be  affected ;  but  this 
IB  so  short,  in  comparison  with  other  scapements, 
duft  it  most  be  considered  as  a  real  improvement 

It  ii  very  uncandtd  to  refuse  the  author  a  claim  to  the 
chatwnter  of  an  ingenious  artist  on  account  of  this  contriv- 
ance, as  has  been  done  by  a  wry  ingenious  university  Pro- 
r,  who  taxes  Mr.  Gumming  with  ignorance  of  the^rst 
tff  tuckanics^  and  says  that  the  best  thing  in  his 
book  is  his  advice  to  suspend  the  pendulum  from  a  great 
lliock  of  marble,  firmly  fixed  in  the  wall.  This  is  certainly 
•  good  advice,  and  we  doubt  not  but  that  the  Professor's 
dodL  would  have  performed  still  better  if  he  had  oondes- 
cnded  to  fi^Uow  it.  It  is  still  less  candid  to  question  the 
originality  of  the  invention.  We  know  for  certain  that  it 
was  invented  at  a  time  and  place  where  the  author  coiUd  not 
know  what  had  been  done  by  others.  It  would  have  been 
more  like  the  urbanity  of  a  well-educated  man  to  have  ac- 
knowledged the  genius,  which,  without  similar  advantages, 
bad  done  so  much. 

But,  while  we  thus  pay  the  tribute  of  justice  to  Mr.  Gum- 
ming, we  do  not  adopt  all  his  opinions.  The  dock  has  the 
aame  defects  as  the  former  in  respect  of  the  law  of  the  force 
whitA  accelerates  the  pendulum.  The  sudden  addition  of 
die  small  weight,  and  this  almost  at  the  extremity  of  the  v> 
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susceptible  of  any  sensabie  variatioii.  The  imgoliii^  of 
the  acUon  of  the  wheels  nqr  sensbly  affect  the  modon  4iii^ 
hig  the  unlockiiig,  when'  the  dock  is  fiml,  and  the  penddm 
jlkfl  aUe  to  unlock ;  for  any  disturbanoe  at  the  cxtramCf 
of  the  yibratkHi  greatly  affects  the  time.  Weacknovid^ 
that  the  parts  which  we  here  suppose  to  be  foul  assy  not  be 
so  in  thecourse  of  twenty  years,  these  parts  beiiy  onfy  thi 
pivots  of  the  seapement  The  great  defect  of  die  sop 
ment  is  its  liableness  to  unlock  by  any  jolt.  It  is  motesob* 
ject  to  this  than  the  others  already  moitioDed.  TUs  nk 
is  much  increased  by  the  slender  make  of  the  psrt%  in  Mr. 
Cummiiig*s  drawings,  and  in  the  only  dock  of  the  Inid  wt 
have  seen ;  but  this  is  not  necessary :  and  it  shooU  bs 
avoided  for  another  reason ;  the  interposing  so  nisi^  dcD» 
der  and  crooked  parts  between  the  moividg  power  aid  Ae 
pendulum  weakens  the  communication  of  power,  aadie* 
quires  a  much  more  powerful  wheel- work; 

All  these,  however,  are  slight  defects,  and  only  the  hit 
can  be  called  a  fault  The  docks  made  on  this  primapk 
have  gone  remarkably  well,  as  may  be  seen  by  the  reg^iten 
of  his  majesty ^8  private  observatory.  But  the  greatest  ok 
jection  is,  that  they  do  not  perform  better  than  a  wdtmsds 
dead  seapement ;  and  they  are  vastly  more  troublesome  to 
make  and  to  manage.  This  is  strictly  tnle,  and  is  a  serioia 
objection.  The  fact  is,  that  the  dominion  of  a  heavy  pendo» 
lum  is  so  great,  that  if  any  one  of  the  scapements  now  d^ 
scribed  be  well  executed  with  pallets  of  agate,  and  a  whed 
of  hard  steel,  and  if  the  pendulum  be  suspended  agreesblj 
to  Mr.  Cumming^s  advice,  there  is  hardly  any  diff^ience  to 
be  observed  in  their  performance.  We  shall  content  ou^ 
selves  with  a  single  proof  of  this  from  fact  The  clock  in- 
vei}ted  by  the  celebrated  Harrison  is  at  leatA  equal  in  its  pa> 
formance  to  any  other.  Friction  is  almost  annihilated,  sod 
no  oil  is  required.  It  went  fourteen  years  without  being 
touched,  and  during  that  time  did  not  vary  one  complete 
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eoond  from  one  day  to  another,  nor  ever  deviated  half  a 
ainuce  by  accumulation  from  equable  motion.  Yet  the 
o^emeot,  in  so  far  as  it  respects  the  law  of  the  accelerating 
brce,  deviates  more  from  the  proportion  of  the  spaces  than 
he  most  recoiling  scapement  that  ever  was  put  to  a  good 
lock.  It  is  so  different  from  all  hitherto  described,  both 
H  form  and  principle,  that  we  must  not  omit  some  ac- 
ount  of  it,  and  with  it  we  shall  conclude  our  scapements 
or  docks. 

Let  6D0  (Plate  VIII.  fig.  10.)  represent  the  swings 
rheel,  of  which  M  is  the  centre.  A  is  the  verge  or  axis 
if  the  pendulum.  It  has  two  very  short  arms  AB,  AE. 
tL  dender  rod  BC  turns  on  fine  pivots  in  the  joint  B,  and 
las  at  its  extremity  C  a  hook  or  claw,  which  takes  hold  of 
I  tooth  D  of  the  swing-wheel  when  the  pendulum  moves 
liom  the  right  side  to  the  left.  This  claw,  when  at  liberty, 
itands  at  right  angles,  or,  at  least,  in  a  certain  determinate 
uigle^  with  regard  to  the  arm  AB ;  and  when  drawn  a  lit- 
tle from  that  position,  it  is  brought  back  to  it  again  by  a 
very  slender  spring.  The  arm  A£  is  furnished  with  a 
detent  EF,  which  also,  when  at  liberty,  maintains  its  posi- 
tion on  the  arm  by  means  of  a  very  slender  spring, 

Let  us  now  suppose  that  the  tooth  D  is  pressing  on  the 
daw  C,  while  the  pendulum  is  moving  to  the  right.  The 
idnt  B  yields,  by  its  motion  round  A,  to  the  pressure  of  the 
tooth  on  Ihe  claw.  By  this  yielding,  the  angle  ABC  opens 
a  little.  In  the  mean  time,  the  same  motion  round  A  causes 
the  point  F  of  the  detent  on  the  other  side  to  approach  the 
drcumferepce  of  the  wheel  in  the  arch  of  a  circle,  and  the 
tooth  6  at  the  same  time  advances.  They  meet,  and  the 
pmnt  of  G  is  lodged  in  the  notch  under  the  projecting  heel 
/.  When  this  takes  place,  it  is  evident  that  any  farther 
motion  of  the  point  lE^  round  A  must  push  the  tooth  G  a 
little  backwards,  by  means  of  the  detent  EF.  It  cannot 
tome  any  nearer  to  the  wheel,  because  the  point  of  the  tooth 
stops  the  hcel^     The  instant  that  F  pushes  G  back,  the 
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tooth  D  is  withdrawn  from  the  ekw  C,  and  C  flies  out,  hj 
the  action  of  its  spring,  and  resumes  its  pontion  at  ligbi 
angles  to  B  A ;  and  the  wheel  is  now  free  from  tbe  dnr, 
but  is  pushing  at  the  detent  F  **  The  pendulaoDy  having 
finished  its  excursion  to  the  right  (in  which  it  cavm  tk 
wheel  to  recoil  bj  means  of  the  detent  F,)  retumi  toiwd 
the  left.  The  wheel  now  advances  again,  and,  by  pKng 
on  F,  aids  the  pendulum  through  the  whole  angle  of  soqpe- 
ment.  By  this  motion  the  claw  C  describes  an  aidb  of  s 
circle  round  A,  and  approaches  the  wheel,  till  it  take  hold 
of  another  tooth,  namely,  the  one  following  D,  and  pulls  il 
back  a  little.  This  immediately  frees  the  detent  F  horn  the 
pressure  of  the  tooth  G,  and  it  flies  out  a  little  finra  the 
wheel,  resuming  its  natural  position  by  means  of  its  qpring* 
Soon  after,  the  motion  of  the  pendulum  to  the  kit  eeises, 
and  the  pendulum  returns;  D  pulling  forward  the  hook  C 
to  aid  the  pendulum,  and  the  former  operation  ia  repcstedi 
be.  &c. 

Such  is  the  operation  of  the  pallets  of  Harrison  and  Hind- 
ley.     Friction  is  almost  totally  avoided,  and  oil  entirely  f. 


*  The  reader  may  here  remark  tbe  mftoner  in  wtneh  (be  premire  of  the 
tooth  O  on  the  detent  is  transferred  to  the  joint  E  by  the  interrentioa  of  tbi 
shank  F£,  and  from  the  joint  E  to  thd  pendalum  rod»  by  the  iDtenrettioB  of 
the  arm  E^  This  communtcatioo  of  pressure  is  jirecisely  the  same  that  vc 
made  use  of  in  explaining  the  comoKMi  scapement.  MG,  FB,  and  EA,  is 
thin  fig.  10.  are  performing  the  offices  which  we  then  gave  to  Uie  linnMIy 
BH,  and  HA,  in  fig.  3.     Harrison's  pallet  realises  tbe  abstracl  theory. 

•f  Mr.  Harrinon  was  at  first  by  profession  a  carpenter  ra  a  country  p\^ce. 
Being  extremely  ingenious  and  inTentive,  he  had  made  a  variety  of  curioof 
wooden  clocks.  He  made  one,  in  particular,  for  a  turret  in  a  gentleotao** 
house.  Its  eipotnre  made  it  waste  oil  very  fast,  and  the  maker  was  oftea 
obliged  to  walk  two  or  three  miles  to  renew  it,  and  got  nothing  for  bit  trouble. 
In  trnrlging  home,  not  in  very  good  humour,  he  pondered  with  bimsaUbov  to 
make  a  clock  go  without  oiL  He  changed  all  bis  pinion  leaves  into  roneit ; 
which  answered  very  welU  But'the  pallets  required  it  more  than  any  oth<f 
paru  After  various  other  prefects,  he  contrived  those  now  represented,  vbos 
there  was  no  friction,  and  no  oil  is  wanted.  The  turret  dock  oontiooed  to  |t 
without  being  touched  till  Mr.  Harrison  left  the  countxy. 
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The  motion  is  given  to  the  pendulum  by  a  fair  pull  or  push, 
and  die  teeth  of  the  wheel  only  apply  themselves  to  the  de- 
tnts  Without  rubbing.  There  is  no  drop,  and  the  scape- 
ment  makes  no  noise,  and  is  what  the  artists  calls  a  siieiU 
mapfmnU.  The  mechanidan  will  readily  perceive,  that  by 
properly  disposing  the  arms  AB,  A£,  and  disposing  the  pal- 
Iflla  on  the  circumfcrenoe  of  the  wheel,  the  law,  by  which 
the  actioii  of  the  wheel  on  the  pendulum  is  regulated,  may 
be  greatly  varied,  so  as  to  harmonize,  as  far  as  the  nature 
of  aeqpement,  alternately  pushing  and  pulling,  will  admit, 
with  the  action  of  gravity. 

But  this  is  evidently  a  reonling  scapement,  and  one  of 
tiie  iporst  kind ;  for  the  recoil  is  made  at  the  very  confines 
cf  the  vibration,  where  every  disturbance  of  the  regular  cy- 
doidal  vibration  occasions  the  greatest  disturbance  to  the 
motion.  Yet  this  dock  kept  time  with  most  unexampled 
piecisioii,  far  excelling  all  that  had  been  made  before,  and 
equal  to  any  that  have  been  made  since.  This  is  entirely 
owing  to  the  immense  superiority  of  the  momentum  of  the 
pendulum  over  the  maintaining  power. 

IL  OfScapemcntsfor  a  Watcli. 

Ths  execution  of  a  proper  scapement  for  watches  is  a  far 
more  delicate  and  difficult  problem  than  the  foregoing,  on 
account  of  the  small  sise,  which  requires  much  more  accu- 
rate workmanship,  because  the  error  of  the  hundredth  part 
of  an  inch  haa  as  great  a  proportion  to  the  dimensions  of  the 
regulator  as  an  inch  in  a  common  house  clock.  It  is  much 
more  di£kulton  another  account  We  have  no  such  means 
of  accumulating  such  a  dominion  (to  use  Mr.  Harrison's  ex« 
preasive  term)  over  the  wheel- work  in  the  regulator  of  a 
watch  as  in  that  of  a  clock.  The  heaviest  balance  that  wc 
can  employ,  without  the  certainty  of  snapping  its  pivots  by 
every  dight  jolt,  is  a  mere  trifle,  in  comparison  with  the  pen- 
dulum of  the  most  <Mrdinary  clock.    A  dozen  or  twenty 
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grains  is  the  utmost  weight  of  the  balance,  even  of  a  wj 
large  pocket  watch.     The  only  way  that  we  can  aociumilatt 
any  notable  quantity  of  regulating  power  in  such  i  anaO 
pittance  of  matter,  is  by  giving  it  a  very  great  velodtj.  Thii 
we  do  by  accumulating  all  its  weight  in  the  rim,  by  ginng 
it  very  wide  vibrations,  and  by  making  them  extremely  bt^ 
quent.     The  balance-rim  of  a  middling  good  watch  liiouU 
pass  through  at  least  ten  inches  in  every  second.  Now,  when 
we  reflect  on  the  small  momentum  of  this  r^tdator,  die  in- 
evitable inequalities  of  the  maintaining  power,  and  the  great 
arch  of  vibration  on  which  these,  inequaliues  wiU  operiley 
and  the  comparative  magnitude  even  of  an  almost  insensible 
friction  or  clamminess,  it  appears  almost  clumerical  to  cx^ 
pect  any  thing  near  to  equability  in  the  vibrations,  and  in- 
credible that  a  watch  can  be  made  which  will  not  vary  moce 
than  one  beat  in  66400.   Yet  such  have  been  made.  They 
must  be  considered  as  the  mostmaaterly  exertions  of  human 
art.      The  performance  of  a  reflecting,  telescope  is  a  great 
wonder :  the  worst  that  can  find  a  market  must  have  its  mir* 
rors  executed  without  an  error  of  the  ten-thousandth  part 
of  an  inch  ;  but  wc  now  know  that  this  accuracy  is  attain- 
ed almost  in  spite  of  us,  and  that  we  scarcely  can  make  tbem 
of  a  worse  figure.      But  the  case  is  far  otherwise  in  wnUh- 
work.      Here  all  those  wonderful  approaches  to  perfectioQ 
are  the  results  of  rational  discussion,  by  means  of  sound 
principles  of  science  ;  and,  unless  the  artist  who  puts  these 
principles  into  practice  be  more  than  a  mere  copyist,  unless 
the  principles  themselves  are  perceived  by  him,  and  actual- 
ly direct  his  hand,  the  watch  may  still  be  good  for  nothing. 
Surely,  then,  this  is  a  liberal  art,  and  far  above  a  manual 
knack.      The  study  of  the  means  by  which  such  wonders 
arc  steadily  efiected,  is  therefore  the  study  of  a  gentleman. 
In  the  account  given  above  of  the  scapements  for  pendu- 
lums, we  assumed,  as  one  leading  principle,  that  the  natural 
vibrations  of  a  pendulum  are  performed  in  equal  times^  whetkr 
vnde  or  narrow.     This  is  so  nearly  true,  when  the  arches  oi\ 
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eadi  fflde  of  the  perpendicular  do  not  exceed  four  degrees, 
that  the  retardation  of  the  wider  arches  within  that  limit 
will  not  tfeoome  sensible,  though  accumulated  for  a  long 
time.  The  common  scapement  with  a  plane  face  of  the  pal* 
let,  helps  to  correct  even  this  small  inequality  much  better 
dian  the  nicest  form  of  the  cydoidal  cheeks  proposed  by 
Huyghens. 

In  watch-work  we  assume  a  similar  principle,  namely, 
that  the  oaciUaiwns  of  a  balance j  urged  by  a  springs  and  undis* 
twrhed  by  all  foreign  forces,  are  performed  in  equal  times,  whe^ 
iker  they  be  wide  or  narrow.     This  principle  was  assumed  by 
die  oele];>rated  mechanician  Dr.  Robert  Hooke,  on  the  au- 
thority of  many  experiments  which  he  had  made  on  the 
bending  and  unbending  of  springs^     He  found  that  the 
Soiree  necessary  for  retaining  a  spring  in  any  constrained  po- 
sidon  was  proportional  to  its  tension,  or  deflection  from  its 
natnnl  form.     He  expressed  this  in  an  anagram,  which  he 
puhlifihed  about  the  year  1660,  in  order  to  establish  his 
daim  to  the  discovery,  and  yet  conceal  it,  till  he  had  made 
some  important  application  of  it.    When  the  anagram  was 
eiqpliuned  some  years  afterwards,  it  was,  '^  Ut  tensio,  sic 
vis.^    Dr.  Hooke  thought  of  applying  this  discovery  to  the 
regulation  of  watch  movements.     For,  if  a  slender  spring 
be  properly  applied  to  the  axis  of  a  watch  balance,  it  will  put 
that  balance  in  a  certain  determinate  position.     If  the  ba- 
lance be  turned  aside  from  this  position,  it  seems  to  follow 
that  it  will  be  urged  back  towards  it  by  a  force  proportional 
to  its  distance  from  it.     He  immediately  made  the  applica- 
tion to  an  (Ad  watch,  which  he  afterwards  gave  to  Dr.  Wil- 
kins,  Bishop  of  Chester.     This  was  in  1658.     Its  motion 
was  so  amazingly  improved,  that  Hooke  was  persuaded  of 
the  perfection  of  his  principle,  and  thought  that  nothing  was 
now  wanting  for  making  a  watch  of  this  kind  a  perfect  chro 
nometer  but  the  hand  of  a  good  workman.     For  his  watch 
seemed  almost  perfect,  though  made  in  a  small  country 
town,  in  a  very  coarse  manner.     Mr.  Huyghens  also  claims 
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diioovery.  He  publiabed  his  d^in  tthouC  the  yf|l 
1675,  and  propo«ed  to  m^  watcbes  fi^r  disoaveriiig  |hi 
loogUMde  of  a  ship  at  sea.  Btit  tb^re  is  the  moi^  niiH|"ffr 
tiopable  evidence  of  Dr.  Hookers  priority  by  fiAieen  year^ 
and  of  bis  having  made  several  wntches  of  this  kindr  One 
of  them  was  in  the  possession  of  his  majesty  king  ChariesII' 
Dr.  Hookers  first  balance  spring  was  straight,  and  ^cfted  4W 
the  balance  in  a  very  imperfect  manoen  But  he  aoan  sfw 
the  imporfiectioos,  and  made  several  succeswve  alteratiow ; 
and,  among  others,  he  employed  the  c^Kndri^al  Bfir^  mpv 
employed  by  Mr.  Arnold  ;  but  be  gave  it  up  fiif  the  4mt 
qnial ;  and  the  king's  watch  had  one  of  thu  kiii4  bfifoie 
Mr.  Huyghens  published  hi^  iaventbn.  His  poject  gf  Ipn- 
^tude  watches  had  been  carried  on  along  wi^h  ^dmd 
Brouncker  and  Sir  Robert  Moray,  apd  they  hf^  qunrnded 
some  years  before  that  publication. 

But  both  Dr.  H^Doke  and  Mr.  Huyghens  were  top  smr 
guine  in  their  expectations^  We,  by  OP  mpana,  haw  the 
evidence  for  the  truth  of  this  principle  tMt  w|B  have  for  t)|^ 
eooelerating  action  of  gravity  on  a  peadulan*  It  veata  oa 
the  nicety,  and  the  prc^riety  of  the  ezperimepts ;  aod  loqg 
ciqperienoe  has  shewn  that  it  is  sensibly  true  only  mthiii 
oertmn  limits.  The  demonstrations  by  which  Bernoulli 
supports  the  unqualified  principle  of  Mr.  Hoyghisus,  pro- 
ceed on  hypothetical  doctrines  oonceming  the  nature  of  das- 
ttcity.  And  even  these  shew  that  the  law  of  elasticity  whidi 
he  assumed  was  selected,  not  because  founded  on  simpler 
principles  than  any  other,  but  because  it  was  consistent  with 
the  experiments  of  Hooke  and  Huyghens.  Besides,  although 
this  should  be  the  true  law  of  a  spring,  it  does  not  follow  that 
this  spring,  applied  in  any  way  to  the  axis  of  a  balance,  will 
urge  that  balance  agreeably  to  the  same  law  ;  and  if  it  did, 
it  still  does  not  follow  that  the  oscillations  of  the  balance  will 
be  isochronous ;  for  the  force  has  to  move  not  only  the  ba- 
lance, but  also  the  spring.  Part  of  the  restoring  force  of  the 
firing  is  employed  in  restoring  it  rapidly  to  its  quiescent 


WATCH-WOBK.  679 

ahape,  and  thus  eiiaUing  it  to  follow  and  still  impd  the  yield- 
ing balance.     It  b  therefore  only  the  surplus  which  is  em- 
ployed in  actually  moving  the  balance^  and  it  is  uncertain 
whether  this  sur{dus  varies  according  to  the  same  law,  being 
always  the  same  proportion  of  the  whole  force  of  the  spring. 
We  find  it  an  extremely  difficult  problem  to  determine  the  law 
of  vaiiation  of  this  surplus,  even  in  the  simplest  form  o£  the 
apring ;  nay,  it  is  by  no  means  an  easy  problem  to  determine 
the  law  of  oscillation  of  a  springs  unloaded  with  any  balance ; 
aad  we  can  easily  shew  that  there  are  such  forms  of  a  spring, 
that  although  the  velodty  with  which  the  different  parts 
iqpprottch  to  their  quiescent  position  be  exactly  as  their  ex- 
cunipQ  firom  it,  thb  is  by  no  means  the  law  of  velocity 
which  this  spring  wiQ  produce  in  a  balance.    The  matter  of 
fipct  is,  that  when  the  spring  is  a  simple  straight  steel  wire^ 
suspending  the  balance  in  the  direction  of  its  axis,  tlie  mo- 
tions of  it,  if  not  immoderate,  are  precisely  agreeable  to 
1Jfijf^eus*s  and  Hookers  rule ;  and  that  the  motion  of  a 
hfl^mce  urged  by  a  spring  wound  up  into  a  flat,  or  a  cylin- 
dncal  spiral,  as  in  common  watches,  and  those  of  Arnold, 
^Ifeviatea  sensibly  from  it,  unless  a  certain  analogy  be  pre^ 
aeEired  between  the  length  and  the  dasticity  of  the  spring. 
If  the  spring  be  immoderately  long,  the  wide  vibrations  are 
t^wer  than  the  narrow  ones ;  and  the  contrary  is  observed 
when  the  springia  immoderately  short.     A  certain  taper,  or 
padual  diminution  of  the  spring,  is  also  found  to  have  an  ef- 
fect in  equalizing  the  wide  and  narrow  vibrations.     There  is 
also  a  great  difference  between  the  force  with  which  a  part 
of  the  spring  unbends  itself,  and  the  action  of  that  force  in 
urging  the  balance  round  its  axis ;  and  the  performance  of 
m^y  watches,  good  in  other  respects,  is  often  faulty  from 
the  o^ner  in  which  this  unbending  force  is  employed. 

But,  since  these  corrections  are  in  our  power  in  a  consider- 
able  degree,  we  may  suppose  them  applied,  and  the  true 
motion  (which  we  shall  call  the  cycloidal)  attmned ;  and  we 

may  tjhen  adapt  the  conatruction  of  the  scapement  to  th^  pri?- 
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serving  thb  motion  undisturbed.  '  And  here  we  must  see  at 
once  that  the  problem  is  incomparably  more  delicate  than  in 
the  case  of  pendulums.     The  vibrations  must  be  very  widci 
and  the  angular  motion  rapid,  that  it  may  be  little  affected 
by  external  motions.     The  smallest  inequalities  of  muntain- 
ing  power  acting  through  so  great  a  space,  must  bear  aooti- 
siderable  proportion  to  the  very  minute  mometitum  of  a 
watch  balance.     Oil  is  as  clammy  on  the  pallets  of  a  watdi 
as  on  those  of  a  clock ;  a  viscidity  which  would  tiever  be  fidt 
by  a  pendulum  of  20  pounds  weight  will  stop  a  balance  of 
80  grains  altogether.     For  the  same  reason,  it  is  evident 
that  any  impropriety  in  the  form  of  the  pallet  must  be  in- 
comparably more  pernicious  than  in  the  case  of  a  pendulum ; 
the  deviation  which  this  may  occasion  from  a  force  propor* 
tional  to  the  angular  distance  from  the  middle  point,  mast 
bear  a  great  proportion  to  the  whole  force. 

The  common  recoiling  scapement  of  the  old  clocks  stiD 
holds  its  place  in  the  ordinary  pocket  watches,  and  answers 
all  the  common  purposes  of  a  watch  very  well.  A  well 
finished  watch,  with  a  recoiling  scapement,  will  keep  time 
within  a  minute  in  the  day.  This  is  enough  for  the  ordi- 
nary affairs  of  life.  But  such  watches  are  subject  to  great 
variation  in  their  rate  of  going,  by  any  change  in  the  power 
of  the  wheels.  This  is  evident ;  for  if  the  watch  be  held 
back,  or  pressed  forward,  by  the  key  applied  to  the  fusee 
square,  we  hear  the  beating  greatly  retarded  or  accelerated. 
The  maintaining  power,  in  the  best  of  such  watches,  is  never 
less  than  one  fifth  of  the  regulating  power  of  the  spring. 
For,  if  we  take  off  the  balance  spring,  and  allow  the  balance 
to  vibrate  by  the  impulse  of  the  wheels  alone,  we  shall  find 
the  minute  hand  to  go  forward  from  26  to  SO  minutes  per 
hour.  Suppose  it  30.  Then,  since  the  wheels  act  through 
equal  spaces  with  or  without  a  spring,  the  forces  are  as  the 
squares  of  the  acquired  velocities.  The  velocity  in  this  case 
is  double ;  therefore  the  accelerating  force  is  quadruple,  and 
the  force  of  the  spring  is  three  times  that  of  the  wheels.    If 
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the  hand  goes  forward  85  minutes,  the  force  of  the  wheels 
is  about  one-fifth  of  that  of  the  spring.  This  great  propor- 
tion is  necessary,  as  already  observed,  that  the  watch  may 
go  as  soon  as  unstopped. 

We  have  but  little  to  say  on  this  scapement ;  its  principle 
and  manner  of  action,  and  its  good  and  bad  qualities,  being 
the  same  with  those  of  the  similar  scapement  for  pendulums. 
It  is  evident  that  the  maintaining  power  being  applied  in  the 
most  direct  manner,  and  during  the  whole  of  the  vibration, 
it  will  have  the  greatest  possible  influence  to  move  the  ba- 
lance. A  given  nuunspring  and  train  will  keep  in  motion  a 
heavier  balance  by  means  of  this  scapement  than  by  any 
other.  But,  on  the  other  hand,  and  for  the  same  reason, 
the  balance  has  less  dominion  over  the  wheel-work,  and  its 
vibrations  are  more  affected  by  any  irregularities  of  the 
wheel-work.  Moreover,  the  chief  acUon  of  the  wheel  being 
at  the  very  extremities  of  the  vibrations,  and  being  very  ab- 
rupt, the  variations  in  its  force  are  most  hurtful  to  the  iso- 
chronism  of  the  vibrations. 

Although  this  scapement  is  extremely  simple,  it  is  suscep- 
tible of  more  degrees  of  goodness  or  imperfection  than  al- 
most any  other,  by  the  variation  of  the  few  particulars  of  its 
oonstruction.  We  shall  therefore  briefly  describe  that  con- 
atnicdon  which  long  experience  has  sanctioned  as  approach- 
ing near  to  the  best  performance  that  can  be  obtained  from 
the  common  scapement.  Plate  IX.  fig.  1.  represents  it  in  / 
what  are  thought  its  best  proportions,  as  it  appears  when 
looking  straight  down  on  the  end  of  the  balance  arbor.  C 
is  the  centre  of  the  balance  and  verge.  C  A  and  CB  are  the 
two  pallets ;  C  A  being  the  upper  pallet,  or  the  one  next  to 
the  balance,  and  C  B  being  the  lower  one.  F  and  D  are  two 
teeth  of  the  crown  wheel,  moving  from  left  to  right ;  and 
£,  G,  are  two  teeth  on  the  lower  part  of  the  circumference, 
moving  from  right  to  left.  The  tooth  D  is  represented  as 
just  escaped  from  the  point  of  C  A,  and  the  lower  tooth  £  as 
just  come  in  contact  with  the  lower  pallet.     The  scapemept 
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should  not,  however,  be  quite  so  close,  becatise  mkieqaalitj 
on  the  teeth  might  prevent  D  from  escaping  at  all.  fbr 
if  E  touch  the  pallet  CB  before  D  has  quitted  CA,  d 
will  stand  still.  This  fault  will  be  corrected  by  witfap 
drawing  the  wheel  a  little  from  the  verge,  or  by  shorteniDg 
the  pallets. 

The  proportions  are  as  follow.  The  distance  between 
the  front  of  the  teeth  (that  is,  of  6,  F,  E,  I>)  and  the  tni 
C  of  the  balance  is  one-fifth  of  FA,  the  distance  between 
the  points  of  the  teeth.  The  length  CA,  CB  of  the  pallets 
is  three-fi(Ui8  of  the  same  distance.  The  filets  make  an 
angle  ACB  of  95  degrees,  and  the  front  DH  or  FK  of  tbe 
teeth  make  an  angle  of  25^  with  the  axis  of  the  crowd* 
wheel.  The  sloping  side  of  the  tooth  must  be  of  tti  ep- 
cycloidal  form,  suited  to  the  relative  motion  of  the  tooth  and 
pallet. 

From  these  proportions  it  appears  that  the  pallet  A  can 
throw  (mt^  by  the  action  of  the  tooth  D,  till  it  reaches  a,  180 
degrees  from  CL,  the  line  of  the  crown-wheel  axis.  For 
it  can  throw  out  till  the  pallet  B  strike  against  the  front 
of  E,  which  is  inclined  25^  to  CL.  To  this  add  BOA, 
=  95%  and  we  have  LC  a  =  120.  In  like  manner  B 
will  throw  out  as  far  on  the  other  side.  From  240^,  the  sum 
of  these  angles,  take  the  angle  of  the  pallets  95^,  and  there 
remains  145  for  the  greatest  vibration  which  the  balance 
can  make  without  striking  the  front  of  the  teeth.  This  ex- 
tent of  vibration  supposes  the  teeth  to  terminate  in  points, 
and  the  acting  surFaces  of  the  pallets  to  be  planes  directed 
to  the  very  axis  of  the  verge.  But  the  points  of  the  teeth 
must  be  rounded  off  a  little  for  strength,  and  to  diminish 
friction  on  the  face  of  the  pallets.  This  diminishes  the  an- 
gle of  scapcment  very  considerably,  by  shortening  the  teeth. 
Moreover,  we  must  by  no  means  allow  the  point  of  the  pal- 
let to  bank  or  strike  on  the  foreside  of  a  tooth.  This 
would  greatly  derange  the  vibration  by  the  violence  and 
abruptness  of  the  check  which  the  wheel  would  give  to  the 
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pall^.  This  cimiin!(tance  ihakes  it  improper  to  continue 
the  vibrations  mtich  beyond  the  angle  of  scapement.  One- 
third  bf  a>circle,  or  120**,  is  therefore  reckoned  a  very  pro- 
per vibration  for  a  scapement  made  in  these  proportions. 
The  itnpulse  of  the  wheels,  or  the  angle  of  scapement,  may 
be  increased  by  making  the  face  of  the  pallets  a  little  con- 
cave (preserving  the  same  angle  at  the  centre).  The  vibra- 
tion may  also  be  widened  by  pushing  the  wheel  nearer  to 
the  verge.  This  would  also  diminish  the  recoil.  Indeed 
this  may  be  entirely  removed  by  bringing  the  front  of  the 
Wheel  up  to  C,  and  making  the  face  of  the  pallet  not  a  ra- 
diaSf  but  parallel  to  a  radius  and  behind  it,  t.  e,  by  pladng 
the  pallet  CA  so  that  its  acting  face  may  be  where  its  back 
is  just  now.  In  this  case,  the  tooth  D  would  drop  on  it  at 
fte  centre,  and  lie  there  at  rest,  while  the  balance  completes 
its  vibration.  But  this  would  make  the  banking  (as  the 
stroke  is  called)  on  the  teeth  almost  unavoidable.  In  short, 
after  varying  every  circumstance  in  every  possible  manner, 
the  best  makers  have  settled  on  a  scapement  very  nearly  such 
lEia  We  have  described.  Precise  rules  can  scarcely  be  given ; 
because  the  law  by  which  the  force  acting  on  the  pallets  va- 
ries in  its  intensity,  deviates  so  widely  from  the  actibti  of  the 
balance  spring,  especially  near  the  limits  of  the  excursions. 
The  discoveries  of  Huygbens  and  Newton  in  rational  me* 
chanics  engaged  all  the  mathematical  philosophers  of  Eu- 
rope in  the  solution  of  mechanical  problems,  abdut  the  end 
of  the  last  century.  The  vibrations  of  elastic  plates  or  wires, 
atid  their  influence  on  watch  balances,  became  familiar  to 
every  body.  The  great  requisites  for  producing  isochro- 
nous vibrations  were  well  understood,  and  the  artists  were 
pmmpted  by  the  speculatists  to  attempt  constlructions  of 
scapements  proper  for  this  purpose.  It  appeared  clearly, 
that  the  most  effectual  medns  for  this  purpose  Was  to  leave 
the  balance  unconnected  with  the  wheels,  especially  near  the 
extremities  of  the  vibration,  where  the  motion  is  languid, 
and  where  every  inequality  of  maintaining  power  must  act 
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for  a  loDger  time,  and  therefore  haire  a  great  effixt  ca  die 
irhde  iluration  of  the  vibrations.    The  nModm  of  ooortnit- 
tion  that  naturally  arises  from  these  reflectioiis,  is  to  m^m^ 
if  posnble,  ike  adumof  the  whedi  toihe$miikoftktv!kn6m^ 
where  the  motion  is  rapid,  and  where  the  chief  efiect  of  ta 
increase  or  diminution  of  the  maintaining  power  wiO  be  Is 
enlarge  or  contract  the  angular  motions,  but  will  mahefi^ 
tie  change  on  their  duration ;  because  the  greatest  pHtef 
the  motion  will  be  effected  by  the  balance  spring  akne. 
This  maxim  was  inciilcated  in  express  terms  by  J^bm  Ber- 
noulli, in  his  JRecherehet  Mtckamquu  ei  PAynpim;  but  it 
had  been  suggested  by  common  sense  to  several  uniettcnd 
artists  before  that  time.    About  the  beginning  of  tins  oen* 
tury  watches  were  made  in  London,  where  the  veip  had  a 
portion  edb  (Plate  IX.  fig.  8.)  of  a  small  cylindeTp  hating 
its  centre  c  in  the  axis,  and  a  radial  pallet  b  a  proceeding 
from  it    Suppose  a  tooth  just  escaped  from  the  point  of  the 
pallet,  moving  in  the  direction  i  d  f  ,  the  q^lindrical  part  wis 
so  situated  that  the  next  tooth  dropped  on  it  at  a  small  disp 
tance  from  its  termination.   While  the  verge  continues  turn* 
ing  in  the  direction  b  dty  the  tooth  continues  resting  on  the 
cylinder,  and  the  balance  sustains  no  actum  from  the  wheds, 
and  has  only  to  overcome  the  minute  frictions  on  the  polish- 
ed surface  of  a  hard  steel  cylinder.     This  motion  may  per- 
haps continue  till  the  pallet  acquires  the  position y^  almost 
touching  the  tooth.     It  then  stops,  its  motion  being  extin- 
guished by  the  increasing  force  of  the  spring.      It  now  re- 
turns, moving  in  the  direction  tdb\  and  when  the  pallet 
has  acquired  the  position  c  t,   the  tooth  g  quits  the  drcum- 
ference  of  the  cylinder,  and  drops  in  on  the  p^et  at  the  very 
centre.     The  crooked  form  of  the  tooth  allows  the  pallet  to 
proceed  still  farther,  before  there  is  any  danger  of  banking 
on  the  tooth.     This  vibration  being  also  ended,  the  balanoe 
resumes  its  first  direction,  and  the  tooth  now  acts  on  the  face 
of  the  pallet,  and  restores  to  the  balance  all  the  motion  which 
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k  had  lost  hj  friction,  &c.  during  the  two  preceding  vibra- 
tions 

It  is  evident  that  this  construction  obviates  all  the  objec- 
tions to  the  former  recoiling  scapement,  and  that,  by  suffi- 
ciently diminishing  the  diameter  of  the  cylindrical  part,  the 
friction  may  be  reduced  to  a  very  small  quantity,  and  the 
balance  be  made  to  move  by  the  action  of  the  spring  during 
the  whole  of  the  excursion,  and  of  the  returning  vibration. 
Tet  this  construction  does  not  seem  to  have  come  much  in- 
to use,  owing,  in  all  probability,  to  the  great  difficulty  of 
making  the  drop  so  accurate  in  all  the  teeth.  The  smallest 
iliequality  in  the  length  of  a  tooth  would  occasion  it  to  drop 
sooner  or  later ;  and  if  the  cylinder  was  made  very  small,  to 
dimimsh  friction,  the  formation  of  the  notch  was  almost  a 
microscopical  operation,  and  the  smallest  shake  in  the  axis 
of  the  verge  or  the  balance-wheel  would  make  the  tooth 
slip  past  the  cylinder,  and  the  watch  run  down  amain. 

About  the  same  time^  a  French  artist  in  London  (ih^n 
the  school  of  this  art)  formed  another  scapement,  with  the 
same  views.  We  have  not  any  distinct  account  of  it,  but 
are  only  informed  (in  the  7th  volume  of  the  Machines  ap- 
prouvits  par  FAcad,  des  Sciences)  that  the  tooth  rested  on  the 
surface  of  a  hollow  cylinder,  and  then  escaped  by  acting  on 
the  inclined  edge  of  it.  But  wc  may  presume  that  it  had 
merit,  being  there  told  that  Sir  Isaac  Newton  wore  a  watch 
pf  this  kind. 

A  much  superior  scapement,  on  the  same  principle,  was  ^ 
invented  by  Mr,  Geo.  Graham,  at  the  same  time  that  he 
changed  the  recoiling  scapement  for  pendulums  into  the  dead 
beat.  Indeed  it  is  the  same  scapement,  accommodated  to 
the  large  vibrations  of  a  balance.  In  Plate  IX.  fig.  3. 
DE  represents  part  of  the  rim  of  the  balance-wheel.  A  and 
C  are  two  of  it§  teeth,  having  their  faces  b  e  formed  into 
planes,  inclined  to  the  circumference  of  the  wheel,  in  an 
imgle  of  about  15  degrees  ;  so  that  the  length  ^  e  of  the 
f^e  is  nearly  quadruple  of  its  height  em.      Suppose  a  cir- 
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cular  arch  ABC  described  round  the  centre  of  the  whed, 
and  through  the  middle  of  the  faces  of  the  teeth.  Tbeitis 
of  the  balance  passes  through  some  point  B  of  this  ardi,  and 
we  may  say  that  the  mean  circumference  of  the  teeth  pisies 
through  the  centre  of  the  verge.  On  this  axis  is  fixed  apor- 
tion  of  a  thin  hollow  cylinder  bed,  made  of  hard  tempend 
steel,  or  of  some  hard  and  tough  stone,  such  as  ruby  or  sip 
phire.  Agates,  though  very  hard,  are  brittle.  ChaloedoQj 
and  cornelian  are  tough,  but  inferior  in  hardness.  Thisqf- 
linder  is  so  placed  on  the  verge,  that  when  the  balance  is  in 
its  quiescent  position,  the  two  edges  b  and  d  are  in  the  cir- 
cuniference  which  passes  through  the  points  of  the  teeth. 
By  this  construction  the  portion  of  the  cylinder  will  occupy 
210^  of  the  circumference,  or  30^  more  than  a  itendtde. 
The  edge  &,  to  which  the  tooth  approaches  from  without,  ii 
rounded  off  on  both  angles.  The  other  edge  d  b  fitHaoed 
into  a  plane,  inclined  to  the  radius  about  30°. 

Now,  suppose  the  wheel  pressed  forward  in  the  dUrectioa 
AC.  The  point  b  of  the  tooth,  touching  the  rounded  edge, 
will  push  it  outwards,  turning  the  balance  round  in  the  direc- 
tion bed.  The  heel  e  of  the  tooth  will  escape  from  this  edge 
when  it  is  in  the  position  h,  and  e  is  in  the  posiUon^!  The 
point  6  of  the  tooth  is  now  at  rf,  but  the  edge  of  the  cylinder 
has  now  got  to  i.  The  tooth,  therefore,  rests  on  the  inride 
of  the  cylinder,  while  the  balance  continues  its  vibration  a 
little  way,  in  consequence  of  the  shove  which  it  has  received 
from  the  action  of  the  inclined  plane  pushing  it  out  of  the 
way,  as  the  mould-board  of  a  plough  shoves  a  stone  aade. 
When  this  vibration  is  ended,  by  the  opposition  of  the  ba- 
lance-spring, the  balance  returns,  the  tooth  (now  in  the  po- 
sition B)  rubbing  all  the  while  on  the  inside  of  the  cylinder. 
The  balance  comes  back  into  its  natural  position  6  cd,  with 
an  accelerated  motion,  by  the  action  of  its  spring,  and  would 
of  itself,  vibrate  as  far,  at  least,  on  the  other  side.  But  it  is 
aided  again  by  the  tooth,  which,  pressing  on  the  edge  df 
pushes  it  aside,  till  it  come  into  the  position  k,  w^en  the 
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tmAh  escapes  from  the  cylinder  altogether.  At  this  moment 
the  ^her  edge  of  the  cylinder  is  in  the  position  /,  and  there- 
ibns  is  in  the  way  of  the  next  tooth,  now  in  the  position  A. 
Th^  Mance  continues  its  yibration,  the  tooth  all  the  while 
icitii^,  and  rubbing  on  the  outside  of  the  cylinder.  When 
ttda  Tibration,  in  the  direction  d  c  i,  is  finished,  the  balance 
resaitieB  its  first  motion  i  c  d,  by  the  action  of  the  spring, 
and  the  tooth  begins  to  act  on  the  first  edge  6,  as  soon  as 
Ae  lialaiioe  gets  into  its  natural  position,  shoves  it  aside, 
eaeapkafiroln  it,  and  drops  on  the  inside  of  the  cylinder.  In 
tlm  mamser  are  the  vibrations  produced,  gradually  increas- 
ed to  thdr  maximum,  and  maintained  in  that  state.  Every 
suoceedil^  tooth  of  the  wheel  acts  first  on  the  edge  ft,  and 
theli  on  the  edged;  resting  first  on  the  outside,  and  then 
on  thfc  inade  of  the  cylinder.  The  balance  is  under  the 
influeHoe  of  the  wheels  while  the  edge  b  passes  to  A,  and 
while  4  passes  to  k ;  and  the  rest  of  the  vibration  is  perform- 
ed without  any  action  on  the  part  of  the  wheels,  but  is  a 
little  obstructed  by  friction,  and  by  the  clamminess  of  the 
'  oil.  In  the  construction  now  described,  the  arch  of  action 
or  scapement  is  evidently  30^,  being  twice  the  angle  which 
the  face  of  a  tooth  makes  with  the  circumference. 

The  reader  will  perceive,  that  when  this  scapement  is  cxe* 
cuted  in  such  a  manner  that  the  succeeding  tooth  is  in  con- 
tact with  the  cyfinder  at  the  instant  that  the  preceding  one 
escapes  from  it,  the  face  of  the  tooth  must  be  equal  to  the 
inside  diameter  of  the  cylinder,  and  that  the  distance  between 
the  heel  of  one  tooth  and  the  point  of  the  following  one  must 
be  equal  to  the  outside  diameter.  When  the  scapement  is 
80  close  there  is  no  drop.  A  good  artist  approaches  as  near 
to  this  adjustment  as  possible ;  liecause,  while  a  tooth  is 
dropping,  but  not  yet  in  contact,  it  is  not  acting  on  the  ba- 
'  lance,  and  some  force  is  lost  The  execution  is  accounted 
very  good,  if  the  distance  between  the  centres  of  two  teeth 
is  twice  the  external  diameter  of  the  cylinder.     This  allows 
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a  drop  equal  to  the  thiokness  of  the  cyfindcr,  wUdli  kdbnit 
•vVth  of  its  diameter. 

Wc  must  also  explun  how  this  cylinder  is  to  ■"■■M*i»ii 
with  the  verge  as  to  make  such  a  great  revblutiao.nMdithe 
tooth  of  the  wheel.  The  triangular  tooCh  ebm  is phoedoa 
the  top  of  a  little  pillar  or  piij^fixed  into  the  eMtuakjd 
the  piece  of  brass  m  D  formed  on  the  rim  of  tlie  iled. 
Thus  the  wedge-tooth  has  its  plane  p^ynll^*!  to  the phMof 
the  wheel,  but  at  a  small  distance  above.  Plate  IX.  %  10 
represents  the  verge,  a  long  hollow  cjlinder  of  hard  steel 
A  great  portion  of  the  oietal  is  cut  out.  If  it  were  wpntA 
out  flat,  it  would  have  the  sluqpe  of  Plate  IX.  fig.  18L  Sup- 
pose this  rolled  up  till  the  edges  6H  and  G'H'  an  joined^ 
and  we  have  the  exact  form.  The  part  acted  cb  bj  the 
point  of  the  tooth  is  the  dotted  line  6  dl  The  paitDIFE' 
serves  to  connect  the  two  ends.  Thus  it  appean  to  he  a 
very  slender  and  delicate  piece ;  but  being  of  tenpsnd 
steel,  it  is  strong  enough  to  reust  moderate  jolts.  The  ruby 
cylinders  are  much  more  delicate. 

Such  is  the  cylinder  scapement  of  Mr.  Graham,  cslkd 
also  the  horizontal  scafememt,  because  the  balance  wbed 
16  parallel  to  the  others.  Let  us  sec  how  far  it  may  be  ex- 
pected  to  answer  the  intended  purposes.  If  the  ezcunMOi 
of  the  balance  beyond  the  angle  of  impulsion  were  made  al- 
together unconnected  with  the  wheels,  the  whok  viMim 
would  be  quicker  than  one  of  the  same  extent,  made  by  die 
action  of  the  balance-spring  alone,  because  the  middle  ptit 
of  it  is  accelerated  by  the  wheels.  But  the  excursions  are 
obstructed  by  friction  and  the  clamminess  of  oil.  The  e& 
feet  of  this  in  obstructing  the  motion  is  very  con«dersbla 
Mr.  Le  Roy  placed  the  balance  so,  that  it  rested  when  the 
point  of  the  tooth  was  on  the  middle  of  the  cylindric  surfiwft 
When  the  wheel  was  allowed  to  press  on  it,  and  it  ma 
drawn  80^  from  this  position,  it  vibrated  only  during  4r 
seconds.     When  the  wheel  was  not  allowed  to  touch  the^ 
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litader,  it  vibrated  90  seconds,  or  SO  times  as  long ;  so  much 
did  the  friction  on  the  cyUnder  exceed  that  of  the  pivots. 
We  are  not  sufficiently  acquainted  with  the  laws  of  either  of 
these  obstructions  to  pronoimce  decidedly  whether  they  will 
increase  or  diminish  the  time  of  the  whole  vibrations.  We 
observe  distinctly,  in  motions  with  considerable  friction,  that 
k  does  Hot  increase  nearly  so  fast  as  the  velocity  of  the  mo- 
tion ;  nay,  it  is  often  less  when  the  velocity  i3  very  greats 
In  all  cases  it  is  observed  to  terminate  motions  abruptly. 
The  friction  requires  a  certain  force  to  overcome  it,  and  if 
the  body  has  any  less  it  will  stop.  Now  this  will  not  only 
eoDtiact  the  excursion  of  the  balance,  but  will  shorten  the 
time.  But  the  return  to  the  angle  of  impulsion  will  un- 
doubtedly be  of  longer  duration  than  the  excursion ;  for 
the  arch  of  return,  from  the  extremity  of  the  excursion  to 
its  be^ning,  where  the  angle  of  impulsion  ends,  is  the  same 
with  the  arch  of  excursion.  The  velocity  which  the  balance 
has  in  any  point  of  the  return  is  less  than  what  it  had  in  the 
same  point  of  the  excursion ;  because,  in  the  excursion,  it 
bad  velocity  enough  to  carry  it  to  the  extremity,  and  also  to 
overcome  the  friction.  In  the  return,  it  could,  even  without 
friction,  only  have  the  velocity  which  would  have  carried  it 
to  the  extremity ;  and  this  smaller  velocity  is  diminished  by 
friction  during  the  return.  The  velocity  being  less  through 
the  whole  return  than  during  the  excursion,  the  time  must 
be  greater.  It  may  therefore  happen  that  this  retardation 
of  the  return  may  compensate  the  contraction  of  the  excur- 
sion and  the  diminution  of  its  duration.  In  this  case  the 
vibration  will  occupy  the  same  time  as  if  the  balance  had 
been  free  from  the  wheels.  But  it  may  more  than  com- 
pensate, and  the  vibrations  will  then  be  slower ;  or  it  may 
not  fully  compensate,  and  they  will  be  quicker.  We  can- 
not therefore  say,  ^  priori^  which  of  the  two  will  hap- 
pen :  but  we  may  venture  to  say  that  an  increase  of  the 
Saroe  of  the  wheels  will  make  the  watch  go  slower :  for  this 
will  exert  a  greater  pressure,  give  a  greater  impulsion,  pro- 
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duce  a  wider  excursion,  and  increase  tbefnctian  during  ikl 
greater  excursicHi,  making  the  wide  Yibtationa  dum  dm 
the  narrow  ones ;  because  the  angle  of  impulaion  maMDiiig 
the  same,  the  pressures  exerted  must  be  quadru|dfid^  in  ov- 
der  to  double  the  excursion,  and  therefore  the  frictini  iriU 
be  increased  in  a  greater  proportioii  than  the  moneotimi 
which  is  to  overcome  it     But,  with  reelect  to  the  dutnic- 
tion  arising  from  the  viscidity  of  the  oil^  we  know  thil  it  fol- 
lows a  very  different  law.      It  bears  a  manifest  idatioQ  to 
the  velocity,  and  is  nearly  proportional  to  it.     But  sdll  it  is 
difficult  to  say  how  this  will  affect  the  whole  vifaEatkxL  The 
duration  of  the  excursion  will  not  be  ao  much  cootncted 
as  by  an  equal  obstruction  from  friction,  because  it  will  not 
terminate  the  motion  abruptly.     There  are  therefore  noie 
chances  of  the  increased  duration  of  the  retim  eMerihig 
the  diminution  of  it  in  the  excursion.     All  that  we  can  ay, 
therefore,  is,  that  there  will  be  a  compenaatioa  in  bodi  cneSi 
The  time  of  excursion  will  be  contracted,  and  that  of  ictun 
augmented. 

Now,  as  the  friction  may  be  greatly  diminished  by  fiv 
polish,  fine  oil,  and  a  small  diameter  of  the  cyKnder,  we  Biay 
reasonably  expect  tliat  the  vibrations  of  such  a  balance  will 
not  vary  nearly  so  much  from  isochronism  as  with  a  reonl- 
ing  scapement,  and  will  be  little  affected  by  changes  in  the 
force  of  the  wheels.  Accordingly,  Graham^a  cyliodricd 
scapement  supplanted  all  others  as  soon  as  it  was  genenllj 
known.  We  cannot  compare  the  vibrations  with  those  of  a 
free  balance,  because  we  have  no  way  of  making  a  free  ha- 
lance  vibrate  for  some  hours.  But  we  find  that  doubhog 
or  trebling  the  force  of  the  wheels  makes  very  little  alt^rs- 
tlon  in  the  rate  of  the  watch,  tliough  it  greatly  enlai^  the 
angular  motion.  Any  one  may  perceive  the  immense  flU* 
pcriority  of  this  scapement  over  the  common  recoiling  scape* 
nient,  by  pressing  forward  the  movement  of  a  horisontil 
watch  with  the  key,  or  by  keeping  it  back.  No  great  change 
can  be  observed  in  tlie  frequency  of  thebeats,  however  hard 


"ess.  But  a  more  careful  examination  shews  that  an  in- 
i  of  the  power  of  the  wheels  generally  causes  the  watch 
slower ;  and  that  thb  is  more  remarkable  as  the  watch 
eeQ  long  gmng  without  being  cleaned*   This  shews  that 
ittse  is  to  be  ascribed  to  the  fricUon  and  oil  operating 
e  wide  arches  of  excursioo-    But  when  this  scapement 
0:  executed,  in  the  best  propcntions  of  the  parts,  the 
cmance  is  extremely  good.     We  know  such  watches^ 
ii  have  continued  tor  several  weeks  without  ever  vary* 
Dore  than  7"  in  one  day  fmm  equable  motion.     We 
seen  one  whose  cylinder  was  not  concentric  with  the 
ice,  but  so  placed  on  the  verge  that  the  axis  of  the  verge 
at  0  (Plate  IX.  fig.  3.),  between  the  centre  B  of  the 
der  and  the  entering  edge  6,  and  B  e  was  equal  to  the 
of  the  cylinder.     The  watch  was  made  by  Emery 
I,  and  was  said  to  go  with  astonishing  regularity, 
I  to  equal  any  time-piece  while  the  temperature  of  the 
lid  not  vary ;  and  when  clean,  was  said  to  be  less  affect- 
J  the  temperature  than  a  watch  with  a  free  scapement, 
uDpcovided  with  a  compensation  piece.      It  is  evident 
Ais  w<atch  must  have  a  minute  recoil.      This  was  said 
e  the  aim  of  the  artist,  in  order  to  oMnpensate  for  the 
ruction  caused  by  friction  during  the  return  of  the  ba« 
e  from  its  excursions.     It  indeed  promises  to  have  this 
t ;  but  we  should  fear  that  it  subjects  the  excursions  to 
influence  of  the  wheels.     We  suspect  that  the  indiffer* 
performance  of  cylinder  watches  may  often  arise  from 
:ylindar  being  off  the  centre  in  some  disadvantageous 
ner. 

lie  watch  from  which  Uie  pr<^portions  here  stated  were 
n,  is  a  very  fine  one  made  by  Graham  for  Archibald 
leof  Argyle,  which  has  kept  time  with  the  r^^larity 
mentioned.  We  believe'  that  there  are  but  few  watches 
ih  have  so  large  a  portion  of  the  cylinder :  few  indeed 
B  voase  than  one  half,  or  180°  of  the  circumference.  But 
is  too  little.     The  tooth  of  the  wheel  does  not  begin  to 
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act  on  the  resting  cylinder  till  its  middle  point  AorBtoocii 
one  of  the  edges.  To  obtain  the  same  angle  of  acaponenti 
the  inclination  of  the  face  of  the  tooth  must  be  increased  (it 
must  be  doubled)  ;  and  this  requires  the  maintaining  power 
to  be  increased  in  the  same  proportion.  Beades,  in  sudi 
a  scapement  it  may  happen  that  the  tooth  will  never  rest  oa 
the  cylinder ;  because  the  instant  that  it  quits  one  edge  it 
falls  on  the  other,  and  pushes  it  aside,  so  that  the  bibiioe 
acquires  no  wider  vibration  than  the  angle  of  scapement,  and 
is  continually  under  the  influence  of  the  wheels.  The  ac^ie- 
ment  is  in  its  best  state  when  the  portion  of  the  cylinder  ex- 
ceeds ISO*"  by  twice  the  inclination  of  the  teeth  to  the  cir- 
cumference of  the  wheel. 

It  would  employ  volumes  to  describe  all  the  lapements 
which  have  been  contrived  by  difierent  artists,  umingatthe 
same  points  which  Graham  had  in  view.  We  shall  only 
take  notice  of  such  as  have  some  essential  differaioe  in  prin- 
ciple. 

Plate  IX.  fig.  4.  represents  a  scapement  invented  in 
France,  and  called  the  Echappement  i  Virgvle^  because  the 
pallet  resembles  a  comma.  The  teeth  A,  B,  C,  of  theba* 
lance  wheel  are  set  very  oblique  to  the  radius,  and  there  is 
formed  on  the  point  of  each  a  pin,  standing  up  perpendicu- 
lar to  the  plane  of  the  wheel.  This  greatly  resembles  tbe 
wheel  of  Graham^s  scapement,  when  the  triangular  wedge 
is  cut  off  from  the  top  of  the  pin  on  which  it  stands.  Tbe 
axis  c  of  the  verge  is  placed  in  the  circumference  passing 
through  the  pins.  The  pallet  is  a  plate  of  hard  steel  at} 
d  hy  having  its  plane  pai*allel  to  the  plane  of  the  wheel.  Tbe 
inner  edge  of  this  plate  is  formed  into  a  concave  cylindrical 
surface  between  o  and  6,  whose  axis  c  coincides  with  tbeaxb 
of  the  verge.  Adjoining  to  this  is  the  acting  face  J  J  of  the 
])aliet.  This  is  either  a  straight  line  b  dy  making  an  angle 
of  nearly  30°  with  a  hne  cbg  drawn  from  the  centre,  or  it 
is  more  generally  curved,  according  to  the  nostrum  of  tbe 
artist-     The  l)ack  of  the  pallet  a  ef'is  also  a  cylindrical  sur- 
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(convex)  concentric  with  the  other.  This  extends 
about  100^  fVom  aXof.  The  part  between  /and  d  may 
have  any  shape.  The  interval  a  o  is  formed  into  a  convex 
mrface,  in  such  a  manner  as  to  be  every  where  intersected 
by  the  radius  in  an  angle  of  30^  nearly ;  t.  e.  it  is  a  portion 
of  an  equiangular  spiral.  The  whole  of  this  is  connected 
with  the  verge  by  a  crank,  which  passes  perpendicularly 
through  it  between  /  and  e;  and  th(e  plate  is  set  at  such 
height  on  the  crank  or  verge,  that  it  can  turn  round  dear 
of  the  wheel,  but  not  clear  of  the  pins.  The  teeth  of  the 
wheel  are  set  so  obliquely,  and  made  so  slender,  that  the 
werge  may  turn  almost  quite  round  without  the  crahk^s 
booking  on  the  teeth.  The  part/d  &,  called  the  horn,  is 
ioi  aadi  a  length,  that  when  one  pin  B  rests  on  the  outside 
^^linder  at  a,  the  pcHnt  d  is  just  clear  of  the  next  pin  A. 

When  the  wheel  is  not  acting,  and  the  balance  spring  is 
in  equUtbrio,  the  position  of  the  balance  is  such  that  the 
point  d  of  the  horn  is  near  t,  about  80°  from  d.  The  figure 
lepretents  it  in  the  position  which  it  has  when  the  tooth  A 
has  just  escaped  from  the  pmnt  d  of  the  horn.  In  this  po- 
rtion the  next  tooth  B  is  applied  to  the  convex  cylinder,  a 
very  little  way  (about  5°)  from  its  extremity  a.  This  de- 
scription will  enable  the  reader  to  understand  the  operation 
€i  the  virgule  scapement. 

Now  suppose  the  pin  A  just  escaped  from  thejiom.  The 
racoeeding  pin  B  is  now  in  contact  with  the  back  of  the  cy- 
linder ;  and  the  balance,  having  got  an  impulse  by  the  ac- 
tion cf  A  along  the  concave  pallet  b  d,  continues  its  motion 
in  the  direction  d  g  h^  till  its  force  is  spent,  the  point  of  the 
hcHm  arriving  perhaps  at  A,  more  than  90°  from  d.  AH  this 
while  the  following  tooth  B  is  resting  on  the  back  efof  the 
cylinder.  The  balance  now  returns,  by  the  acdon  of  its 
spring;  and  when  the  horn  is  at  t,  the  pin  gets  over  the 
edge  a  o,  and  drops  on  the  opposite  side  of  the  concave  cy- 
linder, where  it  rests,  while  the  horn  moves  from  t  to  k^ 
where  it  stops,  the  force  of  the  balance  being  again  spent 
VOL.  rv.  2  p 


The  lnteKie  thai  ntaiw;  mi  i^wn  thp  jufm  ■wwifit' 

^1 30<>  of  4  «bt  pin  g9Ct  out  of  tbeholfcifr  ^yfiodb^^ 
Uie  horn  c«t  ofitp  way,  apd  oaipet  ft  iL  jRetidii  At  » 
puk^  wlwdi  the  bdanoeremvesbj  the«elion<iftk«iHBl 
oaftbehoroftji^  there  |9  anothoTy  thoMi^  wudkp^  irtiffi k 
the  oontrary  directioii»  while  the  pouit  of  B  paiwi  ew  the 
eiuftoe  0.e;  fior  this  sorfiioe  jbfeiiiig  inofinad  to  the  ndfaa^ 
the  premire  on  it  uigee  the  hilaiioe  round  in  the  JBatisa 

The  chief  differw*  of  thia  aofiwnent  Inwi  the  fi^^ 
liiat  the  inclinfj  idano  ia  taken  jSravn  the  aecth  of  Ihe  whMy 
and  placed  pn  (he  Teise-  This  alqne  »  a  comMwaMr  iia> 
pfovement;  for  it  is  difioult  to  shape  M  the  lar||b  alika; 
.whereas  the  horn  tdis  invanable.  Moneoaert  ihs  natvg 
pttt%  altluni^  thejr  be  dravn  hvga  in  thia  ^gvafe  the 
aeke  lof  4i>tinctpas8»  may  he  made  natly^aapdkr  dim 
jQirahain's  cyUader»  which  must  be  lag  enough  a»lpflU  a 
Awth  within  it  By  this  diaQget  the  frioticNi»  inmg  d|e 
yrepcise  of  d)e  wheel,  that  is»  doriDg  the  eiicursioos  of  the  ba> 
Janoe,  may  be  vastly  diminished.  The  uwde  cjrUndar  assd 
iK  nohigger  than  to reoeive the  pin.  Bat  althou^  thepi- 
formanpe  of  these  seapements  is  exeeUent»  they  have  not 
ecmie  into  general  use  in  this  eouotry.  The  cause  seans  to 
be  the  great  nicety  requinte  in  making  the  pina  of  the  vbsd 
pass  e^iactly  through  the  axis  of  the  verge.  Tb^  least  disk 
inthe  pivots  of  the  balance  and  baiance-wbed  fnust  graadj 
diange  the  action.  A  very  minute  increase  of  distaiiBB  be- 
tween the  pivots  will  cause  the  pin  B  to  sOde  from  the  edge 
a  to  the  bom,  without  resting  at  all  on  the  inside  cylinder; 
and  when  it  does  so^  it  will  stop  the  balance  at  onoe^  aadi 
immediately  after,  the  watch  will  run  down.  The  anae 
irregularities  will  happen  if  all  the  jans  be  not  at  predsdj 
the  same  distance  from  the  axis  of  the  whed. 

This  scapement  was  greatly  improved*  and,  in  appei^ 
ance,  totally  changed,  by  Mr.  ]L.epaute  of  Paris  in  ITtt 
By  placing  th^  juns  alternately  on  thetiro  side«  of  the  rim 
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of  the  bftkaoa^heel,  he  aydded  the  use  of  the  outidde  cy- 
linder altogether.  The  acapement  is  of  sudi  a  singular  form, 
that  it  is  not  easy  to  represent  it  by  any  drawing.  *  We 
diall  endeavour,  however,  to  describe  it  in  such  a  manner 
as  that  our  readers,  who  are  not  artists,  will  understand  its 
numner  of  acting.  Artists  by  profesnon  will  easily  compre> 
hesid  how  the  parts  may  be  united  which  we  represent  as 


Let  ABC  (Plate  IX.  fig.  5.)  represent  part  of  the  rim  of 
the  faelanee- wheel,  having  the  pins  1, 3,  3,  4,  £^  &c.  prcgect- 
ing  from  its  faces ;  the  pins,  1,  3,  5,  beingon  the  side  next 
the  eye^  but  the  pins  2  and  4  on  the  farther  side.    D  is  the 
cenlie  of  the  balanoe  and  verge,  and  the  small  circle  round 
O  lepestnts  its  thickness.    But  the  verge  in  this  place  is 
dooked,  like  a  crank,  that  the  rim  of  the  wheel  nwy  not  be 
inlcnnipled  by  it     This  will  be  more  particularly  describ- 
ed by  and  bye.    There  is  attached  to  it  a  piece  of  hard  tem- 
pevfd  steel  a  &  e  il,  of  which  the  part  a  i  c  is  a  concave  arch 
of  a  cMe,  having  D  for  its  centre.    It  wants  about  30°  of 
a  nmieiicle.    The  rest  of  it  e  d  is  also  an  arch  of  a  mde^ 
haraig  the  same  radius  with  the  balance-wheel.     The  aatu* 
ral  position  of  the  balanoe  is  such,  that  a  line  drawn  from 
tX  timmfjkh  the  middle  of  the  &ce  c  d,  is  a  tangent  to  the 
Giicttniference  of  the  wheel.    But,  suppose  the  balance  turn- 
ed round  till  the  point  d  of  the  horn  comes  to  d^,  and  the 
point  €  comes  to  2,  in.  the  circumference  in  which  the  pins 
aie  placed.     Then  the  jun,  pressing  on  the  beginning  of  the 
horn  or  pallet,  pushes  it  aside,  slides  along  it,  and  escapes 
at  d,  after  having  generated  a  certain  velocity  in  the  ba*> 
lanoe.     So  far  this  scapement  is  like  the  virgule  scapement 
described  already.     But  now  let  another  pallet,  similar  to 
the'  one  now  described,  be  placed  on  the  other  side  of  the 
wheel,  but  in  a  contrary  position,  with  the  acting  face  of 
tbe  pallet  turned  away  from  the  centre  of  the  wheel     Let 
it  be  so  placed  at  £,  that  the  moment  that  the  jnn  1,  on  the 
upper  ride  of  the  wheel,  escapes  from  the  pallet  c  d,  tbe  pin 
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4,  on  the  under  side  of  the  wheel,  falls  on  die  end  of  the 
circular  arch  tfg  of  the  other  pallet     Let  the  twopil. 
lets  be  connected  by  means  of  equal  pulleys  G  and  F  oq 
the  axis  of  each,  and  a  thread  round  both,  ao  that  they  shall 
turn  one  way.     The  balance  on  the  axis  D,  having  gotten 
an  impulse  from  the  action  of  the  pin  1,  will  continue  its 
motion  from  A  towards  t,  and  will  cany  the  other  pdlet 
with  a  similar  motion  round  the  centre  £  from  h  towards  k. 
The  ^in  4  will  therefore  rest  on  the  concave  arch  gft  as 
the  pallet  turns  round.     When  the  force  of  the  bahnoe  is 
spent,  the  pallet  c  i  returns  towards  its  first  positioa    The 
{Millet^  A  turns  along  with  it ;   and  when  the  point  of  the 
first  has  arrived  at  dy  the  beginning^  of  the  other  airives at 
the  pin  4 ;  and,  proceeding  a  little  farther,  this  pin  escapes  • 
from  the  concave  arch  tfg^  and  slides  along  the  pallet  g  i, 
pushing  it  aside,  and  therefore  ui^ng  the  pallet  round  the 
centre  E,  and  consequently  (by  means  of  the  ocmnectiaQof 
the  pulleys)  urging  the  balance  on  the  axis  D  round  at  the 
same  time,  and  in  the  same  direction.     The  pin  4  escapes 
from  the  pallet  g  A,  when  A  arrives  at  3 ;  but  in  the  time 
that  the  pin  4  was  sliding  along  the  yielding  pallet  g  A,  the 
pin  3  is  moving  in  the  circumference  BDA ;    and  the  in- 
stant that  the  pin  4  escapes  from  A  at  3,  the  pin  3  arrives  at 
2,  and  finds  the  beginning  c  of  the  concave  arch  cha  ready 
to  receive  it     It  therefore  rests  on  this  arch,  while  the  ha- 
lance  continues  its  motion.     This  perhaps  continues  till  the 
point  h  of  the  arch  comes  to  2.     The  balance  now  stops,  it5 
force  being  spent,  and  then  returns ;  and  the  pin  3  escapes 
from  the  circle  at  c,  slides  along  the  yielding  pallet  c  d,  and 
when  it  escapes  at  1,  another  pin  on  the  under  side  of  the 
wheel  arrives  at  4,  and  finds  the  arch  gft  ready  to  receive 
it.     And  in  this  manner  will  the  vibration  of  Uie  balance  be 
continued. 

This  description  of  the  mode  of  action  at  the  same  time 
points  out  the  dimensions  which  must  be  given  to  the  parts 
of  the  pallet       The  length  of  the  pallet  cdor  g  h  must  be 
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equal  to  the  interval  between  two  succeeding  pins,  and  the 
dbtance  of  the  centres  D  and  £  roust  be  douI)Ie  of  this. 
The  radius  "D  e  or'E  g  may  be  as  small  as  we  please.  The 
concave  arches  cba  and  gfc  must  be  continued  far  enough 
to  keep  a  pin  resting  on  them  during  the  whole  excursion 
of  the  balance.  The  angle  of  scapement,  in  which  the  ba- 
lance is  under  the  influence  of  the  wheels,  is  had  by  draw- 
ing D  c  and  D  d.  This  angle  c  D  d  is  about  30^,  but  may 
be  made  greater  or  less. 

Plate  IX.  Fig.  11.  will  give  some  notion  how  the  two 
pallets  may  be  combined  on  one  verge.  KL  represents  the 
verge  with  a  pivot  at  each  end.  It  is  bent  into  a  crank 
MNO,  to  admit  the  balance  wheel  between  its  branches,  BC 
represents  this  wheel  seen  edgewise,  with  its  pins,  altemately 
on  different  sides.  The  pallets  are  also  represented  edge* 
wise  hj  b  c  d  and  h  gf^  fixed  to  the  inside  of  the  branches 
<^  the  crank,  fronting  each  other.  The  position  of  their 
acdng  faces  may  be  seen  in  the  preceding  figure,  on  the 
Terge  D,  where  the  pallet  gh  is  represented  by  the  dotted  line 
2  f,  as  being  situated  behind  the  pallet  c  d  The  remote 
pallet  2  t  is  placed  so,  that  when  the  point  d  of  the  near  pal- 
let is  just  quitted  by  a  pin  1  on  the  upper  side  of  the  wheel, 
the  angle  formed  by  the  face  and  the  arch  of  rest  of  the  other 
pallet  is  just  ready  to  receive  the  next  pin  2,  which  lies  on 
the  under  side  of  the  rim.  A  little  attention  will  make  it 
plain,  that  the  action  will  be  precisely  the  same  as  when  the 
pallets  were  on  separate  axes.  The  pin  1  escapes  from  d, 
and  the  pin  8  is  received  on  the  arch  of  rest,  and  locks 
the  wheel  while  the  balance  is  continuing  its  motion.  When 
it  returns,  2  gets  off  the  arch  of  rest,  pushes  aside  the  pallet 
8 1,  escapes  from  it  when  2  gets  to  1,  and  then  the  pin  3  finds 
the  point  c  ready  to  to  receive  it,  &c.  The  vibrations  may 
be  increased  by  giving  a  sufiicient  impulse  through  the  angle 
of  scapement.  But  they  cannot  be  more  than  a  certain  quan- 
tity, otherwise  the  top  N  of  the  crank  will  strike  the  rim  of 
the  wheel.  By  placing  the  pins  at  the  very  edge  of  the  wheel, 
the  vibrations  may  easily  be  increased  to  a  seiificircle.     By 
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pladng  them  at  the  pcmits  of  long  teeth,  the  crank  maj  git 
in  between  them,  and  the  vibratkins  extended  still  farther^ 
perhaps  to  240''. 

This  scapement  is  unquestionably  a  very  good  one ;  and 
when  equally  well  executed,  should  excel  6rahani'*s  both  by 
having  but  two  acting  faces  to  form  (and  these  of  bard  sted 
or  of  stone),  and  by  allowing  us  to  make  the  circle  of  rest 
exceedingly  small  without  diminishing  the  acting  face  of  die 
pallet.    This  will  greatly  diminish  the  friction  and  the  influ* 
ence  of  oil.     But,  on  the  other  hand,  we  iqpprehend  that  it 
is  of  very  difficult  execution.     The  figure  of  the  pallets,  in 
a  manner  that  shall  be  susceptible  of  adjustment  and  remov* 
fll  for  repair,  and  yet  sufficiently  accurate  and  steady,  seems 
to  us  a  very  delicate  job. 
Mr.  Gumming,  in  his  Elements  of  Clock  and  Watch*work, 
describes  (slightly)  pallets  of  the  very  same  construction, 
making  what  he  conceives  to  be  considerable  improvements 
in  the  form  of  the  acting  faces  and  the  curves  of  rest.     He 
has  also  made  some  watches  with  this  scapement ;  but  thej 
were  so  difficult,  that  few  workmen  can  be  found  fit  for  tlw 
task ;  and  they  are  exceedingly  delicate,  and  apt  to  be  put 
out  of  order.     The  connection  of  the  pallets  with  each  other, 
and  with  the  verge,  makes  the  whole  such  a  contorted  figure^ 
that  it  is  easily  bent  and  twisted  by  any  jolt  or  unskilful 
handling. 

There  remains  another  scapement  of  this  kind,  haTing 
the  tooth  of  the  balance- wheel  resting  on  a  cylindrical  sur- 
face on  the  axis  of  the  verge  during  the  excursions  of  the  ba- 
lance beyond  the  angle  of  scapement,  and  which  differs 
somewhat  in  the  application  of  the  maintaining  power  from 
all  those  already  described. 

This  is  known  by  the  name  of  the  Duplex  scapementf  and 
is  as  follows  :  Plate  IX.  fig.  6.  represents  the  essential  parts 
greatly  magnified.  AD  is  a  portion  of  the  balance-wheel, 
having  teeth yi  6,  g,  at  the  circumference.  These  teeth  are 
entirely  for  producing  the  rest  of  the  wheel,  while  the  ba- 
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knee  if  making  exeunions  beyond  die  flcapeinent  Thiir 
iseflfectedby  means  of  an  agate  cylinder  opq^  onthevc^f^ 
This  cylinder  has  a  notch  o.  When  the  cylinder  tumr 
xioimd  in  the  direction  op  f ,  the  notch  easily  passes  the  tooth 
B  which  is  resting  on  the  cylindric  surface ;  but  when  it  re- 
turns in  the  direction  qp  o^  the  tooth  B  gets  into  the  notch, 
and  follows  it,  pressing  on  one  side  of  it  till  the  notch  oomes^ 
inta  the  positioii  o.  The  tooth,  being  then  in  the  position' 
bf  escapes  from  the  notch,  ttad  anotbef '  tooth  drops  on  th6 
oouwex  surface  of  the  cyliiklei^  aft  B. 

The  balance*wheel  is  also  furni^Si^  with  a  set  of  stout 
flat>sided  pins,  standing  upright  on  itil  rim,  as  repre^nted 
by  a,  ]>.  There  is  also  fixed  on  the  verge  a  larger  cylinder 
GFCabovethe  smaHer.oneofp  9,  with  its  under  sttt&ce' 
dear  of  the  wheel,  and  having  a  pallet  C,  of  riiby  or  sap- 
pfao^'firmly  indented  into  it,  and  projecting  so  far  as  just  to 
ka^  dear  of  the  pins  on  the  wheel.  The  position  of  this 
cgdbider,  with  tesipect  to  the  smaller  one  bdow  it,  is  sucK 
tfatf^  whien  the  toodi  b  is  escaped  fVom  the  mytch,  the  j^ttUet 
ChtfrJQSt*  passed  th^  pin  a,  which  was  at  A  labile  B*  rested' 
on  the  small  cylinder ;  but  it  moved  from  A  to  a,  while  B 
mofcd  to  b:  The  Whteel  being  now  at  liberty,  the  fun  a  ex- 
eirfr  its  pressure  on  the  pallet  C  in  the  most  direct  and  ad- 
yantagOOus  maifmct,  tend  ^ves  it  a  strong  impulsion,  follow- 
ii^  and  accelerating  it  till  another  tooth  stops  on  the  little 
cyliisSist^  The  angle  of  scapement  depends  partly  on  the 
phnjeetion  of  the  pallet,  and  partly  on  the  diameter  of  the 
snudl  cylinder  and  the  advance  of  the  tooth  B  into  the  notch. 
Iifdependeilt  of  the  action  on  the  small  cylinder,  the  angle 
of  mseepemtUSt  would  be  the  whole  arch  of  the  large  cylinder 
betn^een  C  and  ».  But  a  stop  before  it  is  dear  of  the  pal- 
let, and  the  arch  of  impulsion  is  shortened  by  all  the  spade 
that  is  described'  by  the  pui  while  a  tooth  moves  from  B  to 
b.     It  stops  at  d. 

We  are  liifbrmM  by  the  best  artists,  that  this  scapement 
gMB  gr^ft'  sK^sfiietiotiE,  and  equals,  if  it  do  not  excel^ 
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Graham^s  cylindrical  scapement.  it  if  easier  made,  and  » 
quires  very  little  oil  on  the  small  cylinder,  and  none  at  ali 
on  tlie  pallet  They  say  that  it  is  the  best  for  packet  watchesy 
and  is  coming  every  day  more  into  repute.  Theory  seems 
to  accord  witli  this  character.  The  resting  cylinder  may  be 
made  very  small,  and  the  direct  impulse  on  thcfnilet  gives 
it  a  great  superiority  over  all  those  already  described,  wfaeie 
the  action  on  the  pallet  is  oblique,  and  therefore  much  fbite 
is  lost  by  the  influence  of  oil.  But  we  fear  that  much  fbite 
is  lost  by  the  tooth  B  shifting  its  place,  and  thus  ahortening 
the  arch  of  impulsion ;  for  we  cannot  reckon  much  on  the 
action  of  B  on  the  side  of  the  notch,  because  the  lever  is  so 
extremely  short.  Accordingly,  all  the  watches  jn^hieh  ire  have 
seen  of  this  kind  have  a  very  strong  main  spring  in  proportion 
to  the  me  and  vibration  of  the  balance.  If  we  lessen  this  dS^ 
minution  of  the  angle  of  impulsion,  by  lessening  the  cj&n- 
der  op  9,  and  by  not  allowing  B.to  penetrate  far  into  die 
notch,  the  smallest  inequality  of  the  teeth,  or  shake  in  the 
pivots  of  the  balance  or  wheel,  will  cause  irregularity,  and 
even  uncertainties  in  the  locking  and  unlocking  the  whed 
by  this  cylinder. 

A  scapement  exceedingly  like  this  was  applied  long  ago 
by  Dutertre,  a  French  artist,  to  a  pendulum.  The  odj 
difference  is,  that  in  tlie  pendulum  scapement  the  small  cy- 
linder is  cut  through  to  the  centre,  half  of  it  only  bdng 
left ;  but  the  pendulum  scapement  gives  a  more  effective 
employment  of  the  maintaining  power,  because  the  wheel 
acts  on  the  pallet  during  the  whole  of  the  assisted  vibration. 
In  a  balance  scapement,  if  we  attempt  to  diminish  the  ineffi- 
cient motion  of  the  pin  from  A  to  a,  by  lessening  the  dia- 
meter of  the  small  cylinder,  the  hold  given  to  the  tooth  in 
the  notch  will  be  so  trifling,  that  the  tooth  will  be  thro¥m 
out  by  the  smallest  play  in  the  pivot  holes,  or  inequality  in 
the  length  of  the  teeth. 

With  this  we  conclude  our  account  of  scapements,  where 
the  action  of  the  maliiLainiug  power  on  the  balance  b  sus« 
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pended  diiriog  the  excursion  beyond  the  angle  of  impulsion, 
by  making  a  tooth  rest  on  the  surface  of  a  small  concentric 
cylinda.     In  such  scapements,  the  balance,  during  its  ex- 
caraonsi  is  almost  free  from  any  connection  with  the  wheels, 
and  its  isochronism  is  disturbed  by  nothing  but  the  friction 
on  this  surfiure  —We  come  now  to  scapements  of  more  art- 
ful construction,  in  which  the  balance  is  really  and  complete* 
ly  free  during  tlie  whole  of  its  excursion,  being  altogether 
disengaged  from  the  wheel-work.     These  are  called  be* 
TACHEJ>  SCAPEMENTS.     They  are  of  more  recent  date.    We 
believe  that  Mr.  Le  Roi  was  the  first  inventor  of  them«  about 
the  year  1748.     In  the  memoirs  of  the  Academy  of  Paris 
for  that  year,  and  in  the  Collection  of  approved  Machines 
and  Inventions,  we  have  descriptions  of  the  contrivance. 
The  balance  wheel  rests  on  a  detent,  while  the  balance  is  vi- 
brating in  perfect  freedom.     It  has  a  pallet  standing  out 
from  the  centre,  which,  in  the  course  of  vibration,  passes 
close  by  the  point  of  a  tooth  of  the  wheel.     At  that  instant 
a  pin,  connected  with  this  pallet,  withdraws  the  detent  from 
the  wheel,  and  the  tooth  just  now  mentioned  follows  the 
pallet  with  rapidity,  and  gives  it  a  smart  push  forward.  Im- 
mediately after,  another  tooth  of  the  wheel  meets  the  other 
daw  of  the  detent,  and  the  wheel  is  again  locked.     When 
the  balance  returns,  the  pin  pushes  the  detent  back  into 
its  former  place,  where  it  ag^n  locks  the  wheel.     Then  the 
balance,  resuming  its  first  direction,  unlocks  the  wheel,  and 
receives  another  impulsion  from  it.   Thus  the  balance  is  un« 
connected  with  the  wheels,  except  while  it  gets  the  impul* 
sion,  and  at  the  moments  of  unlocking  the  wheels. 

This  contrivance  has  been  reduced  to  the  greatest  possi- 
ble simplicity  by  the  British  artists,  and  seems  scarcely  ca^ 
pable  of  farther  improvement.  Tlie  following  is  one  of  the 
most  approved  constructions.  In  Plate  IX.  fig.  7,  ab  c 
T^resents  the  pallet,  which  is  a  cylinder  of  hard  steel  or 
stone,  having  a  notch  a  b,  A  portion  of  the  balance-wheel 
u  represented  by  AB.    It  is  placed  so  near  to  the  cyl'mder, 
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that  the  cytinder  is  no  more  than  dear  of  fvoo^^iBamyteefk 
DE  is  a  lodg  spring,  so  fixed  to  the  watcb-filate  at  E,  as  to 
press  very  genUy  on  the  stop  jna  G.   A  small  stud  F  ii  fix- 
ed to  that  side  of  the  spring  that  is  next  to  the  wheel   The 
tooth  of  the  wheel  rests  on  this  stud,  in  such  a  manner  Aat 
the  tooth  a  is  just  about  to  touch  the  cylinder,  and  thetoodi 
/  is  just  clear  of  it    Another  spring,  extremely  slender,  is 
attached  to  the  spring  DE,  on  the  side  next  the  balsaos- 
wheel,  and  claps  close  to  it,  but  keepbg  dear  of  the  stud  F, 
and  having  its  point  o  projecting  about  3^th  of  an  indi  be* 
yond  its  extremity.     When  the  point  a  b  pressed  towaidi 
the  wheel,  it  yields  most  readily ;  but,  when  ptesMd  in  die 
opposite  direction,  it  carries  the  spring  DE  akxig  with  it 
The  cylinder  being  so  placed  on  the  verge  that  die  edge  a 
of  the  notch  is  dose  by  the  tooth  d,  a  hole  is  drilled  at  ^ 
dose  by  the  projecting  point  of  the  slender  spring,  and  t 
small  pin  is  driven  into  this  hole.     This  is  the  whole  appt 
ratus ;  and  this  situation  of  the  paits  corresponds  to  die 
quiescent  position  of  the  balance. 

Now,  let  the  balance  be  turned  out  of  this  posidon  80  (St 
90  degrees,  in  the  direction  a  be.  When  it  is  let  go,  it  re* 
turns  to  this  position  with  an  accelerated  motion.  The  pin 
f  strikes  on  the  projecting  point  of  the  slender  spring,  and, 
pressing  the  strong  spring  DE  outward  from  th^  wheel, 
withdraws  the  stud  F  from  the  tooth ;  and  thus  unlocks  the 
wheel.  The  tooth  a  engages  in  the  notch,  and  urges  round 
the  balance.  The  pin  t  quits  the  slender  spring  before  tbe 
tooth  quits  the  notch  ;  so  that  when  it  is  clear  of  the  pallet, 
the  wiieel  is  locked  again  on  the  stud  F,  and  another  tooth 
g  is  nuw  in  the  place  of  a,  ready  to  act  in  the  same  manner. 
When  tbe  force  of  the  balance  is  spent,  it  stops,  and  then  re- 
turns toward  its  quiescent, position  with  a  motion  continual- 
ly  accelerated.  The  pin  i  arives  at  the  point  o  of  the  slen- 
der spring,  raises  it  from  the  strong  spring  without  disturb- 
ing the  latter,  and  almost  without  being  disturbed  by  this 
trifling  obstacle ;  and  it  goes  on,  turning  in  the  direction 
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«&€^  till  its  force  18  agun  spent;  it«top8tretunis,agnn  as- 
locks  the  wheel,  and  gets  a  new  impulsion.  And  in  this 
BHumer  the  vibrations  are  continued,  'fhus  we  see  a  Tibra- 
tion,  almost  fn%  maintained  in  a  manner  even  more  simple 
dun  the  oomaiiD  crutch  scapement.  The  impulse  is  given 
direct  withl|pt  any  decomposition  by  oblique  action,  and  it 
is  continued  through  the  whole  motion  of  the  wheel.  No 
part  of  this  motion  is  lost,  as  in  Du|4eix*s  scapement,  by  the 
gradual  approach  of  the  tooth  to  its  active  position.  Very 
little  fiNTce  is  required  for  unlocking  the  wheel,  because  the 
lll^^g  DF£  b  made  slender  at  the  remote  end  E,  so  that  it 
tidrna  round  E  almost  like  a  lever  turning  on  pivots.  A  sod^ 
dci^ twitch  of  the  watch,  in  the  direction  b  a^  might  chance  to 
mlock  the  wheel.  But  this  will  only  derange  one  vibnu 
tion,  and  even  that  not  connderably,  because  the  teeth  ar^ 
a»<alofle  to  the  cylinder  that  the  wheel  cannot  advance  till 
Hm  Hotdi  wmes  round  to  the  place  of  scapement.  A  tooth 
wall  continue  pressing  on  the  cylinder,  and  by  its  friction 
will  change  a  litde  the  extent  and  duration  of  a  single  vibra- 
tioil.  The  greatest  derangement  will  happen  if  tlie  wheel 
should  thus  unlock  by  a  jolt,  while  the  notch  passes  thmfigh 
the  anh  of  scapement  in  the  returning  vibration.  Even  this 
w3l  not  greatly  deiaage  it,  when  the  watch  is  clean  and  vi- 
brating wide;  because^  in  this  position,  the  balance  has  its 
gfeatest  momciltum,  and  the  direction  of  the  only  jolt  that 
can  unlock  tiie  wheel  tends  to  increase  this  momentum  re-> 
Uitively.  In  short,  considering  it  thecH^ically,  it  seems  an 
ahnoit  perfect  scapement ;  and  the  performance  of  many  of 
these  watches  abundantly  confirms  that  opinion.  They  are 
lllpwn  to  ke^  time  for  many  days  together,  without  vary- 
ii^  one  second  ftom  day  to  day ;  and  this  even  under  con- 
ttdend)le  variations  of  the  maintaining  power.  Other  de- 
tadied  scapenents  may  equal  this,  but  we  scarcely  expect 
•1^  to  exceed  it ;  and  its  simplicity  is  so  much  superior  to 
any  that  we  have  seen,  that,  on  this  account,  we  are  dispos* 
cd  to  fffe  it  the  preference.    We  do  not  mean  to  say  that 
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it  is  the  best  for  a  pocket  watch.  Perhaps  the  scipemeDl 
of  Dupleix  or  Graham  mi^  be  priferable,  as  beings  sin- 
ceptible  of  greater  strength,  and  more  able  to  witbstuid 
jolts.  Yet  it  is  a  fact,  that  some  of  the  watches  mMle  in 
this  form  by  Am<dd  and  others,  have  kept  time  in  the  won- 
derful manner  above-menticmed  while  carried  litout  in  the 
pocket. 

Mr.  Mudge  of  London  invented,  about  the  year  1763^ 
another  detached  scapement,  of  a  still  more  ingenioiB  ooa- 
struction.  It  is  a  counterpart  of  Mr.  Curaming*s  scapement 
for  pendulums.  The  contrivance  is  to  this  eftct  In  FHto 
IX.  %.  6.  abc  represents  the  balance*  Its  axis  is  heotia* 
to  a  large  crank  EF6HIK,  sufficiently  roomy  toadmit  with- 
in it  two  other  axes  M  and  L,  with  the  proper  cocks fiirn^ 
ceiving  their  pivots.  The  three  axes  form  one  struct fine^ 
About  these  smaller  axes  are  coiled  two  auxiliary  sprill{|^ 
in  opposite  directions,  having  their  outer  extrenuties  bad 
in  the  studs  A  and  B.  The  balance  has  its  spring  also^  m 
usual,  and  the  three  springs  are  so  disposed  that  each  of  them 
alone  would  keep  the  balance  at  rest  in  the  same  poation, 
which  we  may  suppose  to  be  that  represented  in  the  figurei 
The  auxiliary  springs  A  and  B  are  connected  ^th  the  ba- 
lance only  occasionally,  by  means  of  the  arms  m  and  a  |vo* 
jecting  from  their  respective  axes.  These  arms  are  catcbed 
on  opposite  sides  by  the  pins  o,  p,  in  the  branches  of  the 
crank  ;  so  that  when  the  balance  turns  round,  it  carries  one 
or  other  of  those  arms  round  with  it,  and,  during  this  mo- 
tion, it  is  affected  by  the  auxiliary  spring  connected  with  the 
arm  so  carried  round  by  it. 

Let  us  suppose  that  the  balance  vibrates  ISO^  on  eiA 
side  of  its  quiescent  position  abc^so  that  the  radius  Ed  a^ 
quires,  alternately,  the  positions  E  b  and  E  c.  The  auxiliary 
springs  are  connected  with  the  wheels  by  a  common  dead* 
l>eat  pendulum  scapement,  so  that  each  can  be  separately 
wound  up  about  30^,  and  retained  in  that  position.  Let  us 
also  suppose  that  the  spring  A  has  been  wound  up  90®  in 
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[le  direction  a  &,  by  the  wheel-work,  and  that  the  point  a 
f  the  rim  of  the  balance,  having  come  from  c,  is  passing 
hrough  a  with  its  greatest  velocity.     When  the  radius  E  a 
MS  passed  a  30®  in  its  course  towards  by  the  pin  o  finds  the 
irm  m  in  its  way,  and  carries  it  along  with  it  till  a  gets  to  b* 
3ut,  by  canyinig  away  the  arm  m,  it  has  unlocked  the  wheel- 
fork,  and  the  spring  B  is  now  wound  up  30°  in  the  other 
iirection^  but  has  no  connection  with  the  balance  during  this 
iperation.     Thus  the  balance  finishes  its  semivibration  a  b 
if  180°,  opposed  by  its  own  spring  the  whole  way,  and  by 
tbe  auxiliary  spring  A  through  an  angle  of  90^.   It  returns 
tb*tte  position  E  a,  aided  by  A  and  by  the  balance  spring, 
through  an  angle  of  120°.     In  like  manner,  when  Ea  has 
moved  90°  toward  the  position  £  c,  the  pin  p  meets  with 
the  arm  fi,  and  carries  it  along  with  it  through  an  angle  of 
90®j  oiqpoeed  by  the  spring  B,  and  then  returns  to  ihe  posi- 
tion E  Of  asttsted  by  Uie  same  spring  through  an  arch  of 
1*0«. 

^hus  it  appears  that  the  balance  is  opposed  by  each  auxi«- 
liary  spring  through  an  angle  of  90°,  and  assisted  through 
an  angle  c^  180*.  This  difference  of  action  maintains  the 
vibrations,  and  the  necessary  winding  up  of  the  auxiliary 
qprings  is  performed  by  the  wheel- work  at  a  time  when  they 
are  totally  disengaged  from  the  balance.  No  irregularity 
of  the  wheel- work  can  have  any  influence  on  the  force  of  the 
auxiliary  springs,  and  therefore  the  balance  is  completely 
disengaged  from  all  these  irregularities,  except  in  the  short 
moment  of  unlocking  the  wheel  that  winds  up  the  springs. 
This  is  a  most  ingenious  construction,  and  the  nearest  ap- 
prgach  to  a  free  vibration  that  has  yet  been  thought  of.  It 
defliil*ves  particular  remark  that,  during  the  whole  of  the  r^ 
turning  or  accelerated  semivibration,  the  united  force  of  the 
spriags  is  proportional  to  the  distance  from  the  quiescent 
position.  The  same  may  be  said  of  the  retarded  excursion 
bejrond  the  angle  of  impulse :  therefore  the  only  deviation 
of  the  forces  from  the  law  of  cydoidal  vibration  is  during 
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the  motion  from  the  quiesoent  position  to  tlio  ateljiig  nidi 
the  auxiliary  spring.  Thjerefora,  m  the  fbsoeiy  on  both 
sides,  beyond  this  angle,  are  in  thdir  due  pioportioii,  aad 
the  balance  always  makes  such  ezeur»<Ni8y  thm  sraas  bo- 
thing  to  disturb  the  isochronism,  whether  the  vibrations  are 
wide  or  narrow.  Accordingly,  the  performanoe  of  this  scqie* 
ment,  under  the  severest  trials,  equalled  any  that  wcrecoHi- 
pared  with  it,  in  as  far  as  it  depended  oo  acaperaent  ak»e 
But  it  is  evident  that  the  execution  ofthb  scapement,  though 
most  simple  in  principle,  must  always  be  vastly  more  diS- 
cult  than  the  one  described  before.  There  ill  so  little  raoo, 
that  the  parts  must  be  exceedingly  small,  requiring  tliemoit 
accurate  workmansliip.  We  think  that  it  may  be  greatly 
simplified,  preserving  all  its  advantages,  and  that  the  parts 
may  be  made  of  more  than  twice  their  present  siie,  wilh  even 
less  load  on  the  balance  from  the  inertia  of  mattflr.  Tbii 
improvement  is  now  carrying  into  effect  by  a  friend. 

Still,  however,  we  do  not  see  that  this  scapement  is,  theo* 
retically,  superior  to  the  last.  The  irregularities  of  msin- 
taining  power  affect  that  scapement  only  in  the  arch  of  im- 
pulsion, where  the  velocity  is  great,  and  the  time  of  actioo 
very  small.  Moreover,  the  chief  effect  of  the  irregularidei 
is  only  to  enlarge  the  excursions ;  and  in  these  the  wbeds 
have  no  concern. 

Mr.  Mudge  lias  also  given  another  detached  scapemat, 
which  he  recommends  for  pocket  watches,  and  eitecuted  en- 
tirely to  his  satisfaction  in  one  made  for  the  Queen.   A  desd 
beat  pendulum  scapement  is  interposed,  as  in  the  last,  be> 
tween  the  wheels  and  the  balance.   The  crutch  EDF  (Plate 
IX.  fig.  9.)  has  a  third  arm  DG,  standing  outwards  frtwD 
the  meeting  of  the  other  two,  and  of  twice  their  length.  This 
arm  terminates  in  a  fork  AGB.     The  verge  V  has  a  pallet 
C,  which,  when  all  is  at  rest,  would  stand  between  the  pointo 
A,  B  of  the  fork.     But  the  wheel,  by  its  action  on  the  pat 
let  E,  forces  the  fork  into  the  position  B  gb^  the  point  A 
of  the  fork  being  now  where  B  was  before,  just  touching 
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jdie  eylindrical  Burface  ci  the  yerge.  The  acapemelit  of  the 
jerutdi  EDF  is  not  accurately  a  dead  beat  scapement,  but 
h9»  a  very  small  leooil  beyond  the  angle  of  impulsion.  By 
fids  etiGumstanoe,  the  branch  A  (now  at  B)  is  made  to  press 
0Q0t  gently  on  the  cylinder,  and  keeps  the  wheel  locked, 
while  the  balance  is  going  round  in  the  direction  BHA. 
The  point  A  gets  moving  from  A  to  B  by  means  oi*  a 
notdi  in  the  cylinder,  which  turns  round  at  the  same  time 
by  the  aotioii  of  the  branch  AG  on  the  pallet  C ;  but  A 
does  not  touch  the  oylinder  during  this  motion,  the  notch 
leaving  free  room  fiir  its  passage.  When  the  balance  returns 
from  lis  excursion,  the  pallet  C  strikes  on  the  branch  A  (still 
at  B),  and  unlocks  the  wheel.  This  now  acting  on  the  crutch 
paUet  F,  cames  the  branch  6  of  the  fork  to  follow  the  pallet 
Cf  and  give  it  a  strong  impulse  in  the  direction  in  which  it 
ia  Ibm  VHtmikg,  causing  the  balance  tomakeasemivibration 
W  tb0  direction  AHB.  The  fork  is  now  in  the  situation 
^gOf^mmihr  toBgb^  and  the  wheel  is  again  locked  on  the 
cruteh  pallet  E. 

The  intdligent  reader  will  admit  this  to  be  a  very  steady 
^wnd  effective  scapement  The  lockage  of  the  wheel  is  pro- 
cured  in  ^  very  ingenious  manner ;  and  the  friction  on  the 
eyUnder,  necessary  for  effecting  this,  may  be  made  as  small 
as  we  please,  notwithstanding  a  very  strong  action  of  the 
wheel :  For  the  pressure  of  the  fork  on  the  cylinder  depends 
entmly  on  the  degree  of  recoil  that  is  formed  on  the  pallets 
£  and  F«  Pressure  on  the  cylinder  is  not  mdupensably  ne- 
cessary, aPd  the  crutch  scapement  might  be  a  real  dead  beat 
But  a  small  recoil,  by  keeping  the  fork  in  contact  with 
the  cylinder,  gives  the  most  perfect  steadiness  to  the  motion. 
Tbe  ingenious  inventor,  a  man  of  approved  integrity  and 
judgment,  declares  that  her  Majesty^s  watch  was  the  best 
ppd^et  watch  he  had  ever  seen.  We  are  not  disposed  to 
question  its  excellencyr  We  saw  an  experiment  watch  of 
this  construction,  made  by  a  country  artist,  having  a  ba- 
lance so  heavy  as  to  vibrate  only  twice  in  a  second.    Every 
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vibration  was  sensibly  beyond  a  turn  and  a  half,  or  540^ 
The  artist  assured  us,  that  when  its  proper  balance  waff  ii% 
vibrating  somewhat  more  than  five  times  in  a  second,  the 
vibrations  even  exceeded  this.  He  bad  procured  it  this 
great  mobility  by  substituting  a  roller  with  fine  pivots  ia 
place  of  the  simple  pallet  of  Mudge.  This  great  extent  of 
detached  vibration  is  an  unquestionable  excellence,  and  it 
peculiar  to  those  two  scapements  of  this  ingenious  artist. 

Very  ingenious  scapements  have  been  made  by  Em* 
shaw,  Howel,  Hayley,  and  other  British  artists ;  and  many 
by  the  artists  of  Paris  and  Greneva.  But  we  must  condnde 
the  article,  having  described  all  that  have  any  difference  m 
principle. 

The  scapement  having  been  brought  to  this  degree  of 
perfection,  we  have  an  op{X)rtunity  of  making  experiments 
on  the  law  of  action  of  springs,  which  has  been  too  readily 
assumed.     We  think  it  easy  to  demonstrate,  that  the  figure 
of  a  spring,  which  must  have  a  great  extent  of  rapid  ibotioo^ 
will  have  a  considerable  influence  on  the  force  which  it  im- 
presses on  a  balance  in  actual  motion.     The  accurate  deter- 
mination of  this  influence  is  not  very  difficult  in  some  ani- 
pie  cases.     It  is  the  greatest  of  all  in  the  plane   spiral,  and 
the  least  in  the  cylindrical ;  and,  in  this  last  form,    it  is  so 
much  less  as  the  diameter  is  less,  the  length  of  the  spring 
being  the  same.     By  employing  many  turns,  in  order  to 
have  the  same  ultimate  force  at  the  extremity  of  the  excur- 
sion, this  influence  is  increased.     A  particular  length  of 
spring,  therefore,  will  make  it  equal  to  a  given  quantity; 
and  it  may  thus  compensate  for  a  particular  magnitude  of 
friction,  and  other  obstructions.     This  accounts  for  the  ob- 
servation of  Le  Roy,  who  found  that  every  spring,  when  ap» 
plied  to  a  viovemcnt,  had  a  certain  length,  which  made  the 
wide  and  narrow  vibrations  isochronous.    His  method  of  trial 
was  so  judicious,  that  there  can  be  no  doubt  of  the  justness 
of  his  conclusion.    His  time-keeper  had  no  fuzee ;  and  when 
the  last  revolution  of  the  main  wheel  was  going  on,  the  vi? 
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brations  were  but  of  half  the  extent  of  those  made  during 
the  first  revolution.  Without  minding  the  real  rate  of  going, 
he  only  compared  the  duration  of  the  first  and  last  revolu- 
tion of  the  minute  hand.  An  artist  of  our  acquaintance  re- 
peated these  experiments,  and  with  the  same  result :  But, 
unfortunately,  could  derive  little  benefit  from  them ;  be- 
cause in  one  state  of  the  oil,  or  with  one  balance,  he  found 
the  lengths  of  the  same  spring,  which  produced  isochronous 
vibrations,  were  difierent  from  those  which  had  this  effect 
in  another  state  of  the  oil,  or  with  another  balance.  He  al- 
so observed  another  difference  in  the  rate,  arising  from  a 
difference  of  position,  according  as  XII,  VI,  III,  or  IX, 
was  uppermost ;  which  difference  plainly  arises  from  the 
swagging  of  the  spring  by  its  weight,  and,  in  that  state, 
acting  as  a  pendulum.  This  unluckily  put  a  stop  to  his 
attempts  to  lessen  this  hurtful  influence  by  employing  a  cy- 
Ikidrical  s|Mral  of  small  diameter  and  great  length  *. 


*  It  is  mach  to  be  regretted,  that  the  precedinf  dissertation  is  the  only  one 
that  Dr.  Robison  has  written,  upon  the  very  ioteres^tiog  subject  of  Timekeep- 
ers* which  he  had  studied  with  particular  attention.  So  early  as  the  year  1793 
he  had  projected  a  magnificent  work  on  the  History,  Theory,  and  Practice  of  ^ 
Horology  $  and  in  a  letter  addressed  to  Mr.  Thomas  Reid  of  Edinburglit 
and  containing  an  account  of  the  plan  and  object  of  the  work,  he  requested 
that  this  able  and  experienced  artbt  would  co-operate  with  him  in  the  under* 
taking.-  Mr.  Reid*s  occupations  did  not  permit  him  to  agree  to  this  flattering 
request ;  and  it  was  probably  on  this  account  that  Dr.  Robison  abandoned  the 
work.  Many  valuable  materials  respecting  the  history  of  Horology,  and  many 
profound  views  respecting  its  principles,  have  thus  been  lost  to  science.  It  if 
fortunate,  however,  that  the  practical  part  which  Mr.  Reid  would  have  contri« 
buted,  has  been  lately  published  in  the  article  Horology,  which  he  has  written 
for  the  Edimburgu  Bncyclopjedia.    Ed. 
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419.  Bt  tfiu  word  we  express  that  noble  ait,  or,  mtutt  pure* 
ly,  the  qualifications  which  enable  a  man  to  exercise  the  noble 
art  of  working  a  ship.  A  sbamak,  in  the  haagoMgt  of  die 
|m>fe8siony  is  not  merely  a  mariner  or  labourer  on  board  a 
ship,  but  a  man  who  understands  the  structu^  of  this  won- 
flerful  machine,  and  every  subordinate  part  of  its  roechaninn^ 
60  as  to  enable  him  to  employ  it  to  the  best  advantage  fat 
pushing  her  forward  in  a  particular  direction,  and  for  avoid- 
ing the  numberless  dangers  to  which  she  is  exposed  tij  the 
violence  of  the  winds  and  waves.  He  also  knows  what  aniT'' 
ses  can  be  held  by  the  ship,  according  to  the  wind  that  blows, 
and  what  cannot,  and  which  of  these  is  most  oondudve  to 
her  progress  in  her  intended  voyage :  and  he  must  be  able 
to  perform  every  part  of  the  necessary  operation  with  his 
own  hands.  As  the  seamen  express  it,  he  must  be  able  "  to 
hand,  reef,  and  steer.'' 

420.  We  are  justified  in  calling  it  a  noUe  art^  not  only  by 
its  importance,  which  it  is  quite  needless  to  amplify  or  em^ 
bellish,  but  by  its  immense  extent  and  diflSculty,  and  the  pro- 
digious number  and  variety  of  principles  on  whidi  it  is 


foundedU-aU  of  irhudi  musl  be  pofisewid  in  auoh  a  manner 
that  they  abidl  offer  themselves  without  reflection  in  an  vi* 
Btant,  otherwise  the  pretended  see  man  cannot  be  trusted  on 
his  watch. 

The  art  is  practiBed  by  persons  without  what  we  call  eiur 
patiomj  and  therefore  it  suffers  in  the  estimation  of  the  care- 
less spectator.  It  is  tliought  Utile  of,  because  little  attention 
b  paid  to  it  But  if  multiplicity,  variety,  and  intricacy  of 
piinci^es,  and  a  systiimatic  Juipwlfldge  of  these  princq>kis, 
entitle  anyart  to  the  appdlation.of  anmCj^  and  fi&srolySear 
wianship  claims  these  epithets  in  lan  eminent  degree. 

421.  What  a  pity  it  is  that  an  art  so  important,  ao  difficult, 
tad  so  innately  connected  with  the  invariable  laws  of  m^ 
<hanical  nature,  should  be  ao>held  ;by  its  possessors,  that  it 
tannot  improve,  but  must.die  with  each  individual,  fiavr 
wg  no  advanlages.ofpisy  ions  education,  they4Eannot  arcapg^ 
Ifaeir  tbaugbts ;  they  can  hardly  be  said  to  think.  Thay 
«an  £ac  less  ezpreiB  xur  communicate  to  others  the  intuitive 
-knowledge  which  they  possess;  and  tbeir  art,  acquired  by 
-lialnt  alone,  is  little  different  fiom  an  instinct  We  ^re^ 
litlle  entitled  to  expect  improvement  here  as  in  the  acchkec- 
>ture  of  the  bee  or  the  beaver.  Yet  a  ship  is  a  machine. 
We  know  the  forces  wfaieb  act  on  it,  and  we  know  the  re- 
sults of  its  construction^f-^  these  are  as  fixed  ms  the  laws 
ef  motion.  What  hinders  this  to  be  reduced  to  a  set  of  prao- 
'fioal  maxims,  as  well  founded  and  as  logically  deduced  as 
die  wprking  of  a  steam  engine  or  a  cotton  mill  ?  May  not 
the  ingenious  specul^iet  in  his  closet  unravel  the  intricate 
thread  of  mechanism  which  connects  all  the  manual  opera- 
jtions  with  the  unchangeable  laws  of  nature,  and  both  /ur- 
4iish  the  seaman  with  a  better  madiine,  and  direct  him  to  a 
nuM«  dextarous  use  pf  it  ? 

482.  We  cannot  hel|>  thinldng  that  much  may  be  done; 
nay,  we  may  say  that  much  has  been  done.  We  think  high- 
ly of  the  progressive. labours  of  Renaud,  Pilot,  Bouguer^  Du 
Hamely  Grcngoard,  BevnoulU,  Eukr,  Bgmme^  aodiOlbwi ; 
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and  are  both  surprised  and  sorry  that  Britain  has 
ed  so  little  in  these  attempts.  Gordon  is  the  only  oae  of 
our  countrymen  who  has  given  a  professedly  scientific  ti»* 
tise  on  a  small  branch  of  the  subject.  The  govemmcBt  of 
France  has  always  been  strongly  impressed  with  the  noUoQ 
of  great  improvements  being  attunaUe  by  sjrstematic  studj 
of  this  art ;  and  we  are  indebted  to  the  endeavours  of  thst 
ingenious  nation  for  any  thing  of  practical  importance  thst 
has  been  obtained.  M.  Bouguer  was  pidfesscnr  of  hydrologj 
at  one  of  the  marine  academies  of  France,  and  was  eDJoiii- 
ed,  as  part  of  his  duty,  to  compose^dissertations  both  on  the 
construction  and  the  working  of  ships.  His  TraitJi  du  Na^ 
tnrt^  and  his  Manetuvre  des  Vaisseamx^  are  undoubtedly  feiy 
valuable  performances :  So  are  those  of  Euler  and  BenKmlli, 
considered  as  mathematical  dissertations,  and  they  aie  won- 
derful works  of  genius,  considered  as  the  productions  of  per- 
sons who  hardly  ever  saw  a  ship^  and  were  totally  unac- 
qumnted  with  the  profession  of  a  seaman.  In  this  zespedL 
Bouguer  had  great  superiority^  having  always  lived  at  a  sea- 
port, and  having  made  many  very  long  voyages.  His  trea- 
tises therefore  are  infinitely  better  accommodated  to  the  de- 
mands of  the  seaman,  and  more  directly  instructive;  but 
still  the  author  is  more  a  mathematician  than  an  artist,  and 
his  performance  is  intelligible  only  to  mathematicians.  It 
is  true,  the  academical  education  of  the  young  gentlemen  of 
the  French  navy  is  such,  that  a  great  number  of  them  may 
acquire  the  preparatory  knowledge  that  is  necessary ;  and 
we  are  well  informed  that,  in  this  respect,  the  officers  of  the 
Britisli  navy  are  greatly  inferior  to  them. 

423.  But  this  very  circumstance  has  furnished  to  many 
persons  an  argument  against  the  utility  of  those  performan- 
ces. It  is  said  that,  ^'  notwithstanding  this  superior  mathe- 
matical education,  and  the  possession  of  those  boasted  per- 
formances of  M.  Bouguer,  the  French  are  greatly  inferior, 
in  point  of  seamanship,  to  our  countrymen,  who  have  not  s 
page  in  their  language  to  instruct  them,  and  who  could  not 
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peruse  it  if  they  had  it^  Nay,  so  little  do  the  French  them- 
selves seem  s^onble  of  the  advantage  of  these  publications^ 
that  no  person  among  them  has  attempted  to  make  a  fami- 
liar abridgment  of  tbem,  written  in  a  way  fitted  to  attract 
attention ;  and  they  still  remain  neglected  in  their  original 
abstruse  and  uninteresting  form. 

484.  We  wish  that  we  could  give  a  satisfactory  answer  to 
this  observation.  It  is  just,  and  it  is  important.  These  very 
ingenious  and  learned  dissertations  are  by  no  means  so  use* 
ful  as  we  should  expect.  They  are  large  books,  and  appear 
to  contain  much ;  and  as  their  plan  is  logical,  it  seems  to 
occupy  the  whole  subject,  and  therefore  to  have  done  almost 
all  that  can  be  done.  But,  alas !  they  have  only  opened 
the  subject,  ind  the  study  is  yet  in  its  infancy.  The  whole 
adence  of  the  art  must  proceed  on  the  knowledge  of  the  im- 
ptdrions  of  the  wind  and  water.  These  are  the  forces  which 
aet  on  the  machine ;  and  its  motions,  which  are  the  ultima- 
tum of  our  research,  whethei;  as  an  end  to  be  obtiuned  or  as 
a  thing  to  be  prevented,  must  depend  on  these  forces.  Now 
it  is  with,  respect  to  this  fundamental  point  that  we  are  as 
yet  almost  totally  in  the  dark.  And,  in  the  performances  of 
M .  Bouguer,  as  also  in  those  of  the  other  authors  we  have 
named,  the  theory  of  thefse  forces,  by  which  their  quantity 
and  the  direction  of  their  action  are  ascertiuned,  is  altogether 
erroneous;  and  its  results  deviate  so  enormously  from  what 
is  observed  in  )he  motions  of  a  ship,  that  the  person  who 
should  direct  the  operations  on  shipboard,  in  conformity  to 
the  maxims  deducible  from  M.  Bouguer^s  propositions, 
would  be  baffled  in  most  of  his  attempts,  and  be  in  danger 
of  losing  the  ship.  The  whole  proceeds  on  the  supposed 
truth  of  that  theory  which  states  the  impulse  of  a  fluid  to 
be  in  the  proportion  of  the  square  of  the  sine  of  the  angle  of 
incidence ;  and  that  its  action  on  any  small  porUon,  such  as 
a  square  foot  of  the  sails  or  huU,  is  the  same  as  if  thi^t  por« 
tion  were  detached  from  the  rest,  and  were  exposed^  single 
and  alone>  to  the  wind  or  water  in  the  samc*^  ngle.     But  we 
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hare  siRntn,  in  the  article  Runmdvcn  dfFUUt,  both  fiow 
theory  and  experience,  that  both  o^  theM  priaadf^  are  er- 
roneous, and  this  to  a  very  great  degree,  in  cttsea  wiaeh  oo- 
eur  most  frequently  in  phietice,  thitt  it,-  in  the  smiA  ti^ 
of  inclhnitioii.  When  the  wind  faHs  niein^iy  |^rpeiAahr 
on  the  sails,  theory  is  not  very  erroneous ;  but  in  tbeieeiBei^ 
(be  circumstances  of  the  ship^s  sitcwtiofei  wMi  gieilerilly  soch 
that  the  practice  is  easy,  occurring  alnMiet-  with<>ut  thongbt) 
and  in  this  case,  too,  even  considerable  devi Atiom  ftom  the 
very  best  practice  are  6f  n6  great  momAit.  Tbe  ifiteresi- 
ing  cases,  where  the  intended  tftovexHient  requited  ot  depMMis 
upon  very  obKque  actions  of  the  wind  oti  the  teik^  and  its 
practicability  or  impracticability  depends  tA  a  teiy  SBoaH 
*  variation  of  this  otAicjuity ;  a  mistake  of  the  ffto^  aAer  ad 
to  intensity  or  direction,  produces-  a  mighty  e8%>M  on  the  Re- 
sulting motion.  This  is  the  cast  tti  sailing  Icf  wimtwsfd ; 
the  mbst  important  of  fdl  the  general  probktti^  of  aeiODUUl- 
ship.  The  trim  of  the  smls,  atid  the  cdnnie  6f  the  ship,  so 
as  to  gain  most  on  the  wind,  are  tery  nice  thiif^;  that  is, 
they  are  confined  within  very  narrow  fimits,  atkl  a  sfliBll 
mistake  produces  a  very  considerate  effect.  The  same 
thing  obtains  in  many  of  the  nice  problems  of  tacking,  box- 
hauling,  wearing  after  lying-to  ih  a  storm,  he. 

The  error  in  the  second  assertion  of  the  theory  is  still 
greater,  and  the  action  on  one  part  of  the  sail  or  hull  is  so 
greatly  modified  by  its  action  on  another  adjoining  part,  that 
a  stay-sail  is  often  seen  hanging  like  a  loose  ri^,  although 
there  is  nothing  between  it  and  the  wind  ;  and  this  mlerely 
because  a  great  sail  in  its  neighbourhood  sends  off  a  lateral 
stream  of  wind,  which  completely  hinders  the  wind  from 
getting  at  it.     Till  the  theory  of  the  action  of  fluids  be  es- 
tablished, therefore,  we  cannot  tell  what  are  the  forces  which 
are  acting  on  every  point  of  the  sail  and  hull :  Therefore  we 
cannot  tell  either  the  mean  intensity  or  direction  of  the 
whole  force  which  acts  on  any  particular  sail,  nor  the  inten- 
sity and  mean  direction  of  the  resistance  to  the  hull ;  w- 
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cutnstaiicw  alMoIulely  necessary  for  ^nabliag  tis  to  say  what 
wUl  be  their  energy  in  producing  a  rotation  round  ^Hy  par- 
ticular axis.  In  like  manner,  we  cannot,  by  such  a  compu- 
tation, find  the  spontaneous  axis  of  conversion  (see  Rota- 
tion), or  the  velocity  of  such  conversion.  In  short,  we  can- 
not pronounce  with  tolerable  confidence  i  priori  what  will 
be  the  motions  in  any  case,  or  what  dispositions  of  the  ^s 
will  produce  the  movement  we  wish  to  perform.  The  ex- 
perienced seaman  ieams  by  halnt  the  general  effects  of  every 
disposition  of  the  sails ;  and  though  his  knowledge  is  far 
from  being  accurate,  it  seldom  leads  him  into  any  very  blun- 
dering operation.  Perhaps  he  seldom  makes  the  best  ad- 
justment possible,  but  seldomer  still  does  he  deviate  very 
finr  from  it ;  and  in  the  most  general  and  important  pro- 
Memsy  such  as  working  to  windward,  the  result  of  much  ex- 
perience and  many  corrections  has  settled  a  trim  of  the  sails, 
whieh  is  certunly  not  far  from  the  truth,  but  (it  must  be 
aduiowledged)  deviates  widely  and  uniformly  from  the 
dieories  of  the  mathematician's  closet.  The  honest  tar, 
therefore^  must  be  indulged  in  his  joke  on  the  useless  la- 
bours of  the  mathematician,  who  can  neither  hand,  reef,  nor 
pteer. 

425.  After  this  account  of  the  theoretical  performances 
|n  the  art  of  seamanship,  and  what  we  have  smd  in  another 
place  on  the  small  hopes  we  entertain  of  seeing  a  perfect 
theory  of  the  impulse  of  fluids,  it  will  not  be  expected  that 
we  enter  very  minutely  on  the  subject  in  this  place ;  nor  is 
it  our  intention.  But  let  it  be  observed,  that  the  theory  is 
ilefective  in  one  point  only  ;  and  although  this  is  a  most  im- 
portant point,  and  the  errors  in  it  destroy  the  conclusions 
of  the  chief  propositions,  the  reasonings  remain  in  full  force, 
and  the  modua  operandi  is  precisely  such  as  is  stated  in  the 
theory.  The  principles  of  the  art  are  therefore  to  be  found 
in  these  treatises ;  but  false  inferences  have  been  drawn,  by 
computing  from  erroneous  quantities.  The  rules  and  the 
practice  of  the  computation^  however,  are  still  beyond  con- 
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troversy :  Nay,  since  the  process  of  inveatigatkm  is  lepA^ 
mate,  we  may  make  use  of  it  in  order  to  disoorer  the  vaj 
circumstance  in  which  we  are  at  present  mistaken  ;  for  fay 
converting  the  proposition,  instead  of  findings  the  motiou 
by  means  of  the  supposed  forces,  combined  with  the  known 
mechanism,  we  may  discover  the  forces  by  means  of  this 
mechanism  and  tlie  observed  motions. 

426.  We  shall  therefore  in  this  place  give  a  very  general 
view  of  the  movements  of  a  ship  under  sail,  showing  how 
they  are  produced  and  modified  by  the  action  of  the  wind 
on  her  sails,  the  water  on  her  rudder  and  on  her  bows.  We 
shall  not  attempt  a  precise  determination  of  any  of  these 
movements ;  but  we  shall  say  enough  to  enable  the  curious 
landsman  to  understand  how  this  mighty  machine  is  m^ 
naged  amidst  the  fury  of  the  winds  aud  waves ;  and»  whaib 
is  more  to  our  wish,  we  hope  to  enable -the  uninstructed  but 
thinking  seaman  to  generalise  that  knowledge  which  he  pos* 
sesses ;  to  class  his  ideas,  and  give  them  a  sort  of  rational 
system ;  and  even  to  improve  his  practice,  by  making  him 
sensible  of  the  immediate  operation  of  every  thing  he  does,, 
and  in  what  manner  it  contributes  to  produce  the  movemeat 
which  he  has  in  view. 

427.  A  ship  may  be  considered  at  present  as  a  mass  of 
inert  matter  in  free  space,  at  liberty  to  move  in  every  direc- 
tion, according  to  the  forces  which  impel  or  resist  her  ;  and 
when  she  is  in  actual  motion,  in  the  direction  of  her  course, 
we  may  still  consider  her  as  at  rest  in  absolute  space,   but 
exposed  to  the  impulse  of  a  current  of  water  moving  equal- 
ly fast  in  the  opposite  direction  ;  for  in  both  cases  the  pres- 
sure of  the  water  on  her  bows  is  the  same  ;  and  we  know- 
that  it  is  possible,  and  frequently  happens  in  currents,  that 
the  impulse  of  the  wind  on  her  sail.s,  and  that  of  the  water 
on  her  bows,  balance  each  other  so  j)rcclsely,  that  she  not 
only  does  not  stir  from  the  place,  but  also  remains  steadily 
in  the  same  position,  with  her  head  directed  to  the  same 
point  of  the  compass.    This  state  of  things  is  easily  conceiv- 
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•d  by  any  penofi  accustomed  to  consider  mechanical  sub- 
ects,  and  every  seaman  of  experience  has  observed  it.  It 
s  of  importance  to  connder  it  in  thb  point  of  view,  because 
t  gives  U8  the  most  familiar  notion  of  the  manner  in  which 
hese  forces  of  the  wind  and  water  are  set  in  opposition,  and 
nade  to  balance  or  not  to  balance  each  other  by  the  inter- 
vention of  the  ship,  in  the  same  manner  as  the  goods  and 
be  weights  balance  each  other  in  the  scales  by  the  interven- 
ion  of  a  beam  or  steel-yard, 

486.  When  a  ship  proceeds  steadily  in  her  course,  with- 
^\^  changmg  her  rate  of  sailing,  or  varying  the  direction  of 
tier  head,  we  must  in  the  first  place  conceive  the  accumu- 
lated impulses  of  the  wind  on  all  her  sails  at  precisely  equal 
uid  directly  opposite  to  the  impulse  of  the  water  on  her 
bows.  In  the  next  place,  because  the  ship  does  not  change 
the  direction  of  her  keel,  she  resembles  the  balanced  steeU 
^ardy  in  which  the  energies  of  the  two  weights,  which  tend 
to  produce  rotations  in  opposite  directions,  and  thus  .to 
change  the  position  of  the  beam,  mutually  balance  each 
Dtber  round  the  fulcrum ;  so  the  energies  of  the  actions  of 
(he  wind  aa  the  different  sails  balance  the  energies  of  the 
water  on  the  different  parts  of  the  hull. 

.489.  The  seaman  has  two  principal  tasks  to  perform. 
The  first  is  to  keep  the  ship  steadily  in  that  course  which 
wiU  briqg  her  farthest  on  in  the  line  of  her  intended  voy- 
age., This  is  frequently  very  different  from  that  line,  and 
the  choice  of  the  best  course  is^sometimes  a  matter  of  con- 
yiderable  difficulty.  It  is  sometimes  possible  to  shape  the 
course  precisely  along  the  line  of  the  voyage ;  and  yet  the 
intelligent  seaman  knows  that  he  will  arrive  sooner,  or  with 
greater  safety,  at  his  port,  by  taking  a  different  course;  be- 
pause  he  will  gain  more  by  increasing  his  speed  than  he  losejs 
by  increasing  the  distance.  Some  principle  must  direct  him 
in  the  selection  of  this  course.  This  w^  must  attempt  to  lay 
before  the  reader. 
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Having  ehosen  such  a  course  as  be  tbinlB*  ttdsf  AdiNuita» 
geous,  he  must  net  such  s  quftntity  of  sail  as  the  strenglh  af 
the  wind  will  allow  him  to  carry  with  safety  and  effirct,  and 
must  trim  the  sails  properly,  or  so  adjust  theirpoaltiani  ta 
the  direction  of  the  wind,  that  they  may  hsnre  the  greaMl 
possible  tendency  to  impel  the  ship  in  tb^  Kne  of  jber  eoone^ 
and  to  keep  her  steadily  in  that  direction. 

His  other  task  is  to  produce  any  deriationa  whieh  be  sees 
proper  from  the  present  course  of  the  ship ;  add  to  prodoee 
these  in  the  most  certain,  the  sitfest,  and  the  moat  ez|ieifiti- 
ous  manner.  It  is  chiefly  in  this  movement  that  the  me* 
cbanical  nature  of  a  ship  comes  into  riew,  and  it  ia  here  tbal 
the  superior  address  and  resource  of  an  eiqpert  aeaman  is  to 
be  perceived. 

It  is  perfectly  consonant  to  experience  that  the  impulse 
of  fluids  is  in  the  duplicate  ratio  of  the  relative  vdod^. 
Let  it  be  supposed  that  when  water  mores  one  foot  per  se- 
cond its  perpendicular  pressure  or  impulse  on  a  square  foot 
is  m  pounds.  Then,  if  it  be  moving  with  the  velocity  V 
estimated  in  feet  per  second,  its  perpendicular  impulse  on  a 
Surface  S,  containing  any  number  of  square  feet,  must  be 
mSV«. 

In  like  manner,  the  impulse  of  air  on  the  same  sur&ce 
may  be  represented  by  n  SV* ;  and  the  proportion  of  the 
impulse  of  these  two  fluids  will  be  that  of  m  to  n.     We  may 

fa 
express  this  by  the  ratio  of  9  to  1  making—  =  {. 

430.  M.  Bouguer^s  computations  and  tables  are  on  the  sup- 
position that  the  impulse  of  sea- water  moving  one  foot  per 
second  is  23  ounces  on  a  square  foot,  and  that  the  impulse 
of  the  wind  is  the  same  when  it  blows  at  the  rate  of  24  feet 
per  second.  These  measures  are  all  French.  They  by  no 
means  agree  with  the  experiments  of  others ;  and  what  we 
have  already  said,  when  treating  of  the  Resistance  of 
Fluids,  is  enough  to  shew  us  that  nothing  like  precise  mea« 
sures  can  be  expected.     It  was  shown  as  the  result  of  a  ra- 


dooBl  hrrestigation,  and  coDfirmed  by  the  e^tperinaiU  of 
B»al  and  others^  that  the  impukioiis  and  redstanasB  at  t!k6 
arinM  auifaoe,  with  the  aasae  oUiquitj  #f  inadBDoe  and  the 
velociljr  of  motioB^  aie  different  aooording  to  the  form 
ntuaaicia  of  the  adjoining  parti.  Thus  the  total  reus- 
of  a  tlm  hoard  is  gfteter  than  that  of  a  long  pritfm^ 
Iniving  this  board  for  its  fitont  ttr  bow,  he. 

We  Ktt  greatly  at  abas  what  to  give  its  abnolute  neasinres 
of  theie  impldsionsk 

1.  With  reqpect  to  #ater.  The  experiniontA  of  the 
JfmiKlh  academy  on  a  prisni  two  feet  broad  and  deef^  and 
Ibnr  feet  hmg^  iodfeate  *  resistailee  of  •»97i  potindfr  avmiduY 
poit  <o  a  square  fbot»  moTnig  wkb  the  vdocity  of  one  foot 
per  seoQBd  at  the  surface  of  stiU  water. 

Mr^  Buflt^s  eiBperiments  en  a  square  fioot  wholly  immerft* 
^  m  a  stieam  were  aii  follow : 

A  flfunre  ftkA  as  a  thin  plaae  «  1^81  pounds. 

Ditto  m  tb«  front  of  a  bm  one  ibdt  long  1,48 
Ditto  fls  the  front  of  a  boK  three  feet  long  1,89 
The  rsAitaBoe  of  se^^water  is  about  t^  greater. 

2.  With  respeiA  to  air,  the  varieties  are  as  great  The 
iMlstanoe  of  a  square  foot  td  air  moving  with  the  velodty  of 
one  fool  per  seoond  appears  from  Mr.  Robins^s  experiments 
on  16  square  inches  to  be  on  a  square  foot  0,001596  pounds. 

Chevalier  Botda's  on  16  inches  0,001767 

;i'   M    r.   t  .1  ■    :  oil  81  inches  0,002042 

Mr.  Rouse's  on  large  surfaces  0,002201 

Precise  measures  are  nut  to  be  expected,  nor  are  they  ne-> 
eessary  in  this  inquiry.  Here  we  are  chie^y  interested  in 
their  proportions,  as  they  may  be  varied  by  their  mode 
of  action  in  the  difieretit  circumstances  of  oUiquity  and  ve- 
Jocity^ 

4^1*  We  b^n  by  recurring  to  the  fundamental  pmposi- 
tion  concerning  the  impulse  of  fluids,  vis.  that  the  absolute 
pressure  is  always  in  a  direction  perpendicular  to  the  impel- 
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led  surface,  whatever  may  be  the  direedoD  of  the  stream  cf 
fluid.  We  must  therefore  illustrate  the  doctrine,  by  tiwBp 
supposing  a  flat  surface  of  sail  stretched  on  a  yard,  wUdk 
can  be  braced  about  in  any  directiooy  and  giving  this  tail 
such  a  position  and  such  an  extent  of  surfeoe  that  the  im- 
pulse on  it  may  be  the  same  both  as  to  direcdon  and  intea- 
nty  with  that  on  the  real  saik.  Thus  the  oonnderstioD  is 
greatly  simplified.  The  directicm  of  the  impulse  is  therefore 
perpendicular  to  the  yard.  Its  intensity  depends  on  tbefSi 
locity  with  which  the  wind  meets  the  sail,  and  theohliquitj 
of  its  stroke.  We  shall  adopt  the  constructions  founded  on 
the  common  doctrine^  that  die  impulse  is  as  the  sgoare  of 
the  sine  of  the  inclination,  because  they  are  simple;  where- 
as, if  we  were  to  introduce  the  values  of  the  oblique  im- 
pulses, such  as  they  have  been  observed  in  the  ezedknt  ex- 
periments of  the  Academy  of  Paris,  the  construotioiis  would 
be  complicated  in  the  extreme,  and  we  could  hardly  diav 
any  consequences  which  would  be  intelligible  to  any  but  ex- 
pert mathematicians.  The  conclusions  will  be  errooeooB, 
not  in  kind  but  in  quantity  only :  and  we  shall  pmnt  out 
the  necessary  corrections,  so  that  the  final  results  will  be 
found  not  very  difierent  from  real  observation. 

432.  If  a  ship  were  a  round  cylindrical  body  like  a  flat 
tub,  floating  on  its  bottom,  and  fitted  with  a  mast  and  sail 
in  the  centre,  she  would  always  sail  in  a  direction  perpendi- 
cular to  the  yard.  This  is  evident  But  she  is  an  oblong 
body,  and  may  be  compared  to  a  chest,  whose  length  great- 
ly exceeds  its  breadth.  She  is  so  shaped,  that  a  moderate 
force  will  push  her  through  the  water  with  the  head  or  stern 
foremost;  but  it  requires  a  very  great  force  to  push  her 
sidcwise  with  the  same  velocity.  A  fine  smling  ship  of  war 
will  require  about  12  times  as  much  force  to  push  her  side- 
wise  as  to  push  her  head  foremost.  In  this  respect  ther^ 
fore  she  will  very  much  resemble  a  chest  whose  length  is  18 
times  its  breadth  ;  and  whatever  be  the  proportion  of  these 
resistances  in  different  ships,  we  may  always  substitute  4 
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t  which  shall  haye  the  same  remstances  headwise  and  side- 
le. 

433.  Let  EF6H  (Plate  X.  fig.  1.)  be  the  horizontal 
ition  of  such  a  box,  and  AB  its  middle  line,  and  C  its 
itre.  In  whatever  direction  this  box  may  chance  to  move, 
I  direction  of  the  whole  resistance  on  its  two  udes  will  pass 
nough  C.  For  as  the  whole  stream  has  one  inclination  to 
:  ttde  EFy  the  equivalent  of  the  equal  impulses  on  every 
rt  will  be  in  a  line  perpendicular  to  the  middle  of  £F. 
IT  the  same  reason,  it  will  be  in  a  line  perpendicular  to  the 
ddle  of  F6.  These  perpendiculars  must  cross  in  C 
ippose  a  mast  erected  at  C,  and  YCy  to  be  a  yard  hoisted  on 
carrying  a  sail.  Let  the  yard  be  first  conceived  as  braced 
:ht  athwart  at  right  angles  to  the  keel,  as  rejHresented  by 
'  y^  Then,  whatever  be  the  direction  of  the  wind  abaft 
is  sail,  it  will  impel  tlie  vessel  in  the  direction  CB.  But 
the  sail  has  the  oblique  position  Y  y^  the  impulse  will  be 
the  direction  CD  perpendicular  to  C  Y,  and  will  both  push 
5  vessel  ahead  and  sidewise :  For  the  impulse  CD  is  equi- 
lent  to  the  two  impulses  CK  and  CI  (the  sides  of  a  red- 
dle of  which  CD  is  the  diagonal).  The  forced  pushes 
»  vessel  ahead,  and  CK  pushes  her  sidewise.  She  must 
srefore  take  some  intermediate  direction  ab,  such  that  the 
iistanoe  of  the  water  to  the  plane  FG  is  to  its  resistance 
the  plane  EF  as  CI  to  CK. 

The  lEUigle  b  CB  between  the  real  course  and  the  direction 
the  head  is  called  the  Leeway  ;  and  in  the  course  of  this 
iaertation  we  shall  express  it  by  the  symbol  x.  It  evi- 
ntly  depends  on  the  shape  of  the  vessel  and  6n  the  posi- 
Mi  of  the  yard.  An  accurate  knowledge  of  the  quantity 
leeway,  corresponding  to  difierent  circumstances  of  obli- 
lity  of  impulse,  extent  of  surface,  &c.  is  of  the  utmost  im- 
fftance  in  the  practice  of  navigation ;  and  even  an  approxi- 
stion  is  valuable.  The  subject  is  so  very  difficult  that 
is  must  content  us  for  the  present. 
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484.  Lei  V  be  tbe  velooky  of  tbe  Mp  ia  theducdnC 
bj  and  let  the  surfaces  FG  and  F£  be  called  A'  and  V. 
Then  ilie  resistaaoe  to  the  lateral  iDotion  is  »  V*  X  ff  X 
nne>,  b  CB,  and  that  to  (he  dtraet  mafUan  is  »  V*  X  A'  X 
aine*,  bCK,  or  n  V<  X  A"  X  ctxfbCU.  Therafore  then 
resistances  are  m  tbe  proportion  of  B'  X  sine*, « to  A'  X 
coi.*,  « (repreieoting  the  ang^  of  leevajr  bCB  by  tbeqr» 
bolx.) 

Therefore  we  have  CI:  CK^  «rCI:  lUxA'^trnf* 

:B'sine**,  =  A' :  B'-^^^=  A  j  B  •  tangent'  x. 

Let  the  angle  YCB,  to  irfaich  the  jard  ia  bcaoed  ap^  k 
called  the  Trim  of  the  satis,  and  expressed  hj  the  s^mboi 
b.  This  is  the  complement  of  the  angle  DCI.  Now  CI : 
ID  =  rad.:tan.I)CI»=I:  tan.  DCI,  =:i  1 :  cotan. &.  Theie- 
&ce  we  have  finally  1  :  cotan.  &  =  A' :  B'*  Can.^  ar,  and  A'* 

cotan. /&  =  B'-  tangent  *Jt^  and  tan. 'jczzgpoti.  Thisequ^ 

tion  evidently  ascertains  the  tnutual  relation  beiweea  the 
-trim  of  tbe  sails  and  the  leeway  in  every  case  whete  we  en 
tell  the  proporticm  between  tbe  resistances  to  the  direct  nd 
broadside  motions  of  the  ship,  and  where  this  proportioo 
does  not  change  by  the  obliquity  of  the  course.  Thus, 
suppose  the  yard  braced  up  to  an  angle  of  30^  with  tbe  ked, 
Then  cotan  30^  =  1,73^  very  nearly.  Suppose  also  that 
the  reastanoe  sidewise  is  18  times  greater  than  the  redst-^ 
ance  headwise.     This  gives  A'  :=:  1  and  B'  =  12.     Tfaa«* 

1  732 
fore  l,732=rl3  X  tangent^jc,  and  tangent «  ar= -Ay-, =: 

0,14434,  and  tan.  «  =  0,8799,  and  x=  20p  46'^  very  nearly 
two  points  of  leeway. 

This  computation,  or  raUier  the  equation  which  gim 
room  for  it,  supposes  die  resistances  proportional  to  the 
squares  of  the  sines  of  incidence.  The  experiments  of  the 
Academy  of  Paris,  of  which  an  abstract  is  given  in  the  ar- 
ticle Resibtanck  of  Fluids,  show  that  this  supposition  b  not 
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this  fnm&a^'mBt  the  eagle  of  incUeiifle  on  che  front  FG  is 
ebout  70^,  aad  the  expenmente  jual  nom  noentioiie^  Bkow 
Ihel  the  reel  miataBoes  exceed  the  theoretical  iopea  ccily 
-f4^  But  the  angle  of  looideMe  on  £F  is  <Hily  20>  48'. 
Sxperiment  shows  ithat  in  this  incUnotion  the  jresistanoe  is 
sdmost  quadruple  of  the  theoretical  resistances.  Therefioee 
the  ktenJ  resistance  is  assumed  much  too  small  in  the  pv»> 
sent  instance.  Therefore  a  much  smaller  leeway  will  »u£* 
fice  tar  producing  a  lateral  nesistaoce  which  will  balance  the 
lateral  inpulse  CK,  ariaiog  from  the  obliquity  ot  the  sul^ 
VIS.  30".  The  matter  of  fact  is,  that  a  pretty  good  sailing 
ahip,  with  her  sails  braced  to  this  angle  at  a  mediuss,  will 
SKA  make  above  five  or  six  degrees  leeway  in  smooth  water 
and  eeaj  weather ;  and  yet  in  this  situation  the  huU  and 
Egging  present  a  very  great  surface  lo  the  wind^  in  the  most 
improper  pontious,  so  as  lo  have  a  very  great  efiSect  in  in- 
her  leeway.  And  if  we  compute  the  resistances  for 
leeway  of  six  degrees  by  the  actual  experiments  of  the 
Piendi  Academy  on  that  angle»  we  shall  find  the  result  not 
iar  ftom  the  truth;  that  is,  the  direct  and  lateral  resistances 
-will  be  nearly  in  the  proportbn  of  CI  to  ID. 

It  remits  from  this  view  of  the  matter,  that  the  leewaj^ 
is  in  general  much  smaller  than  what  the  usual  theory  as* 
ngns. 

43ft.  We  also  see,  that  according  to  whatever  law  the  re- 
aistanoes  change  by  a  change  of  inclination,  the  leeway  re- 
mains the  same  while  the  trim  of  the  sails  is  the  same.  The 
*  leeway  depends  only  on  the  direction  of  the  impulse  of  the 
wind ;  and  this  depends  solely  on  the  position  of  the  sails 
with  respect  to  the  keel,  whatever  may  be  the  direction  of 
the  wind.  This  is  a  very  important  observation^  ^d  will 
be  frequently  refeired  to  in  the  progress  of  the  pn^sent  in* 
Vestigatjon.  Note,  however,  that  we  are  h«:e  oonaideriiig 
only  the  action  on  the  sails,  and  on  the  same  sails.  We  are 
not  ooQflidering  the  actbn  of  the  wmd  on  the  hull  and  rig- 


624  sfeAMAMHtr. 

ging.  This  mqr  be  very  conadanibb ;  and  it  k  akn 
a  lee  direction,  and  augmento  the  leeway  i  and'Ha  iaA 
must  be  so  much  the  more  tenaibleai  it  bean  a  greata 
portion  to  the  impulse  on  tbe  Huls.  A  diip  under  on 
or  cloae-reefed  topsails  and  courses,  miut  make  mor 
way  than  when  under  all  her  canvas  trimmed  to  the 
i  angle.    But  to  introduce  this  additioaal  cauae  of  deri 

here,  would  render  the  investigation  too  complicated 
of  any  use. 

436.  This  doctrine  will  be  considerably  illuatimted  I 

tending  to  the  manner  in  which  a  lighter  is  tracked  all 

canal,  or  swings  to  its  anchor  in  a  stream.     The  track 

i  V '  is  made  fast  to  some  staple  or  bolt  E  on  the  deck  (Pla 

fig.  8.),  and  is  passed  between  two  of  the  timbeiwhes 
.  the  bow  at  D,  and  laid  hold  of  at  F  on  shore.  Then 
cattle  walk  alone;  the  path  F6,  the  rope  keeps  estend 
the  direction  DF,  and  the  lighter  arranges  itaelf  in  a 
Uque  portion  AB,  and  is  thus  dragged  along  in  the  t 
Xkm  a  6,  parallel  to  the  side  of  the  canal.  Or,  if  the 
has  a  current  in  the  opposite  direction  b  a,  the  ligfatei 
be  kept  steady  in  its  place  by  the  rope  DF  made  Am( 
post  at  F.  In  this  case,  it  is  always  observed  that  the  ] 
er  swings  in  a  position  AB,  which  is  oblique  to  tlie  at 
o  b.  Now  the  force  which  retains  it  in  this  position: 
which  precisely  balances  the  action  of  the  stream,  is  cet 
ly  exerted  in  the  direction  DF  ;  and  the  lighter  ivoul 
held  in  the  same  manner  if  the  rope  were  made  fast 
amidship,  without  any  dependence  on  the  timberheads  a 
and  it  would  still  be  held  in  the  same  position,  if,  instei 
the  single  rope  CF,  it  were  riding  by  two  ropes  C6 
CH,of  which  CH  is  in  a  direction  right  ahead,  but  obi 
to  the  stream,  and  the  ether  CG  is  perpendicular  to  CI 
AB.  And,  drawing  DI  and  DK  perpendicular  to  AB 
C6,  the  strain  on  the  rope  CH  is  to  that  on  the  rope  C4 
CI  to  CK.  The  action  of  the  rope  in  these  cases  is  pre 
ly  analogous  to  that  of  the  sail  y  Y ;  and  the  ofaliquit 
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tlie  keel  to  the  direction  of  the  motion,  or  to  the  direction 
of  the  stream,  is  analogous  to  the  leeway.     All  this  must 
be  evident  to  any  person  accustomed  to  mechanical  disqui« 
ations. 

437.  A  most  important  use  may  be  made  of  this  illustra- 
tion. If  an  accurate  model  be  made  of  a  ship,  and  if  it  be 
placed  in  a  stream  of  water,  and  ridden  in  this  manner  by  a 
rope  made  fast  at  any  point  D  of  the  bow,  it  will  arrange  it- 
self in  some  determined  position  AB.  There  will  be  a  cer- 
tidn  obliquity  to  the  stream,  measured  by  the  angle  Bob; 
and  there  will  be  a  corresponding  obliquity  of  the  rope,  mea- 
sured by  the  angle  FCB.*  Let^  CY  be  perpendicular  to 
CF.  Then  CY  will  be  the  position  of  the  yard,  or  trim  of 
the  sails  corresponding  to  the  leeway  b  CB.  Then,  if  we 
shift  the  rope  to  a  point  of  the  bow  distant  from  D  by  a 

*  small  quantity,  we  shall  obtain  a  new  position  of  the  ship, 
both  with  respect  to  the  stream  and  the  rope ;  and  in  this 
way  may  be  obtained  the  relation  between  the  position  of 
the  sails  and  the  leeway,  independent  of  all  theory,  and 
suscepdble  of  great  accuracy ;  and  this  may  be  done  with 
a  variety  of  models  suited  to  the  most  usual  forms  of  ships. 

438.  In  farther  thinking  on  thb  subject,  we  are  persuad- 
ed that  these  experiments,  instead  of  being  made  on  models, 
may  with  equal  ease  be  made  on  a  ship  of  any  size.  Let 
the  ship  ride  in  a  stream  at  a  mooring  D  (Plate  X.  fig.  3.) 
by  means  of  a  short  hawser  BCD  from  her  bow,  having  a 
spring  AC  on  it  carried  out  from  her  quarter.  She  will 
swing  to  her  moorings,  till  she  ranges  herself  in  a  certain 
position  AB  with  respect  to  the  direction  a  b  of  the  stream ; 
and  the  hawser  DC  will  be  directed  to  some  point  £  in 
the  line  of  the  keel.  Now,  it  is  plain  to  any  person  ac- 
quainted with  mechanical  disquisitions,  that  the  deviation 
BE  b  is  precisely  the  leeway  that  the  ship  will  make  when 
the  average  position  of  the  sails  is  that  of  the  line  6£H  per- 
pendicular to  ED ;  at  least  this  will  give  the  leeway  which 
is  produced  by  the  sails  alone.     By  heaving  on  tlie  spring, 
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the  knot  C  may  be  brought  into  any  other  poation  we  pleve; 
and  for  every  new  position  of  the  knot  the  ship  will  tab 
a  new  posiuon  with  respect  to  the  stream  and  to  the  hawser. 
And  we  persist  in  saying,  that  more  information  will  be  got 
by  this  train  of  experiments  than  from  any  mathematical 
^eory :  for  all  theories  of  the  impulses  of  fluids  must  pio- 
ceed  on  physical  postulates  with  respect  to  the  motions  of 
the  filaments,  which  are  exceedingly  conjectural. 

439.  And  it  must  now  be  farther  observed,  that  tbesab> 
stitution  which  we  have  made  of  an  oblong  parall^opiped 
for  a  ship,  although  well  suited  to  give  us  clear  notioos  of 
the  subject,  is  of  small  use  in  practice :  for  it  is  next  to  iflk 
posuble  (even  granting  the  theory  of  oblique  impulsions)  to 
make  this  substitution.  A  ship  ia  of  a  form  wjiicb  is  not 
reducible  to  equations ;  and  therefore  the  action  of  the  water 
on  her  bow  or  broadside  can  only  be  had  by  a  most  laborious 
and  intricate  calculation  for  almost  every  square  foot  of  its 
surface.  (See  BexouCs  Coura  de  MatheoL  vol.  5.  p.  78}  &&) 
And  this  must  be  diiFerent  for  every  ship.  But,  whidi  is 
more  unlucky,  when  we  have  got  a  parallelopiped  which  inll 
have  the  same  proportion  of  direct  and  lateral  resistance  for 
a  particular  angle  of  leeway,  it  will  not  answer  for  another 
leeway  of  the  same  ship ;  for  when  the  leeway  clumges,  the 
figure  nctually  exposed  to  the  action  of  the  water  changes 
also.  When  the  leeway  is  increased,  more  of  the  lee- 
quartcr  is  acted  on  by  the  water,  and  a  part  of  the  weather* 
bow  is  now  removed  from  its  action.  Another  parallelop- 
pcd  must  therefore  be  discovered,  whose  resistances  shall  suit 
this  new  position  of  the  keel  with  respect  to  the  real  course 
uf  the  ship. 

We  therefore  beg  leave  to  recommend  this  train  of  expe- 
riments to  the  notice  of  the  Association  foe  the  Impeovs- 
MENT  of  Naval  Architecture  as  a  very  promising  me- 
thod for  ascertaining  this  important  point.  And  we  pro- 
ceed, ill  the  next  place,  to  ascertain  the  relation  between 
the  velocity  of  the  ship  and  that  of  the  wind,  modified  as 
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nay  be  by  the  tiim  of  the  sub  and  the  obliquity  of  the 
impulse. 

440.  Let  AB  (Plate  X.  fig.  4,  5,  and  6.)  repesent  the 
horizontal  section  of  a  ship.  In  place  of  all  the  drawing 
tails,  that  is,  the  sails  which  are  really  filled,  we  can  always 
Bufastitute  one  sail  of  equal  extent,  trimraed  to  the  same  angle 
with  the  keeL  This  being  supposed  attached  to  the  yard 
DCD,  let  this  yard  be  first  of  all  at  right  angles  to  the  keel, 
as  repi'^sented  in  Plate  X.  fig.  4.  Let  the  wind  blow  in  the 
direinion  WC,  and  let  CE  (in  the  direction  WC  continued) 
represent  the  velocity  V  of  the  wind.  Let  CF  be  the  velo- 
city V  of  the  ship.  It  must  a}so  be  in  the  direction  of  the 
iibip'^  motion,  because  when  the  sail  is  at  right  angles  to  th^ 
heeSif  the  absolute  impulse  on  the  sail  is  in  the  direction  of 
the  heel,  and  there  is  no  lateral  impulse,  and  consequently 
no  leeway.  Draw  EF,  and  com^dete  the  paraliek>gram 
CFE  f,  producing  e  C  through  the  centre  of  the  yard  to  w. 
Then  »  C  will  be  the  relative  or  apparent  direction  of  the 
wmd,  and  C  e  or  FE  will  be  its  apparent  or  relative  veloci- 
ty:  For  if  the  line  C  e  be  carried  along  CF,  keeping  always 
parallel  to  its  first  position,  and  if  a  particle  of  air  move  uni* 
formly  along  CE  (a  fixed  line  in  absolute  space)  in  the  same 
time,  tins  particle  will  always  be  found  in  that  point  of  CE 
irhere  it  is  intersected  at  that  instant  by  the  moving  line 
C  e ;  so  that  if  C  f  were  a  tube,  the  particle  of  air,  which 
really  moves  in  the  line  CE,  would  always  be  found  in  the 
tube  C  e.  While  CE  is  the  real  direction  of  the  wind,  C  e 
will  be  the  position  of  the  vane  at  the  mast  head,  which  will 
therefore  mark  the  aj^arent  direction  of  the  wind,  or  its  mo^ 
tion  relative  to  the  moving  ship. 

We  may  conceive  this  in  another  way.  Suppose  a  can- 
non shot  fired  in  the  direction  CE  at  the  passing  ship,  and 
that  it  passes  through  the.mast  at  C  with  the  velocity  of  the 
wind.  It  will  not  pass  through  the  ofiside  of  the  ship  at  P, 
in  the  line  CE  :  for  while  the  shot  moves  from  C  to  P,  the 
point  P  has  gone  forward,  and  the  point  p  is  now  in  the 
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place  where  P  was  when  the  shot  passed  thfoagfa  the  miit 
The  shot  will  therefore  pass  through  the  ship^s  side  in  the 
point  Pf  and  a  person  on  board  seeing  it  pass  through  C  sod 
p  will  say  that  its  motion  was  in  the  line  C  p. 

441.  Thus  it  happens,  that  when  a  ship  is  in  motioQ  the 
apparent  direction  of  the  wind  is  always  ahead  of  its  real  & 
rection.  The  line  to  C  is  always  found  within  the  angle 
WCB.  It  is  easy  to  see  from  the  construction,  that  the 
difference  between  the  real  and  apparent  directions  of  the 
wind  is  so  much  more  remarkable  as  the  velocity  of  the  ship 
is  greater :  For  the  angle  WC  w  or  EC  e  depends  cm  the 
magnitude  of  £  €  or  CF,  in  proportion  to  C£.  Persons  not 
much  accustomed  to  attend  to  these  matters  are  apt  to  think 
all  attention  to  this  difference  to  be  nothing  but  affectation 
of  nicety.  They  have  no  notion  that  the  velocity  of  a  ship 
can  have  any  sensible  proportion  to  that  of  the  wind.  ^  Swift 
as  the  wind''  is  a  proverbial  expression ;  yet  the  velodty  of 
a  ship  always  bears  a  very  sensible  proportion  to  that  af  the 
wind,  and  even  very  frequently  exceeds  it.  We  may  fwm 
a  pretty  exact  notion  of  the  velocity  of  the  wind  by  obsenr- 
ing  the  shadows  of  the  summer  clouds  flying  along  the  face 
of  a  country,  and  it  may  be  very  well  measured  by  this  me^ 
thod.  The  motion  of  such  clouds  cannot  be  very  different 
from  that  of  the  air  below  ;  and  when  the  pressure  of  the 
wind  op  a  flat  surface,  while  blowing  with  a  velocity  measur- 
ed in  this  way,  is  compared  with  its  pressure  when  its  velo- 
city is  measured  by  more  unexceptionable  methods,  they  are 
found  to  agree  with  all  desirable  accuracy.  Now  observa- 
tions of  this  kind  frequently  repeated,  show  that  what  we 
call  a  pleasant  brisk  gale  blows  at  the  rate  of  about  10  miles 
an  hour,  or  about  J5  feet  in  a  second,  and  exerts  a  pressure 
of  half  a  pound  on  a  square  foot.  Mr.  Smeaton  has  fre- 
quently observed  the  sails  of  a  windmill,  driven  by  such  a 
wind,  moving  faster,  nay  much  faster,  towards  their  extre- 
mities, so  that  the  sail,  instead  of  being  pressed  to  the  frames 
©n  the  arms,  was  taken  aback,  and  fluttering  on  them.  Naj^, 
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we  know  that  a  good  ship,  with  all  her  sails  set  and  the 
wind  on  the  beam,  will  in  such  a  situation  sail  above  10 
knots  an  hour  in  smooth  water.     There  is  an  observation 
made  by  every  experienced  seaman,  which  shows  this  dif- 
lerence  between  the  real  and  apparent  dii^ections  of  the 
wind  very  distinctly.     When  a  ship  that  b  sailing  briskly 
with  the  wind  on  the  beam  tacks  about,  and  then  sails 
equally  well  on  the  other  tack,  the  wind  always  appears  to 
have  shifted  and  come  more  ahead.     This  is  familiar  to  all 
seamen.     The  seaman  judges  of  the  direction  of  the  wind 
by  the  position  of  the  ship^s  vanes.     Suppose  the  ship  sail- 
ing due  west  on  the  starboard  tack,  with  the  wind  apparent- 
ly N.  N.  W.  the  vane  pointing  S.  S.  E.     If  the  ship  puts 
about,  and  stands  due  east  on  the  larboard  tack,  the  vane 
will  be  found  no  longer  to  point  S.S.B.  but  perhaps  S.S.W. 
the  wind  appearing  N.  N.  £.  and  the  ship  must  be  nearly 
closehauled  in  order  to  make  an  east  course.     The  wind 
appears  to  have  shifted  four  points.     If  the  ship  tacks  again, 
the  wind  returns  to  its  old  quarter.     We  have  often  ob- 
served a  greater  difference  than  this.     The  celebrated  astro- 
nomer Dr.  Bradley,  taking  the  amusement  of  sailing  in  a 
pinnace  on  the  river  Thames,  observed  this,  and  was  sur- 
prised at  it,  imagining  that  the  change  of  wind  was  owing  to 
the  approaching  to  or  retiring  from  the  shore.     The  boat- 
men told  him  that  it  always  happened  at  sea,  and  explained 
it  to  him  in  the  best  manner  they  were  able.     The  explana- 
tion struck  him,  and  set  him  a  musing  on  an  astronomical 
phenomenon  which  he  had  been  puzzled  by  for  some  years, 
and  which  he  called  thk  aberration  of  the  fixri>  stars. 
Every  star  changes  its  place  a  small  matter  for  half  a  year, 
and  returns  to  it  at  the  completion  of  the  year.     He  com- 
pared the  stream  of  light  from  the  star  to  the  wind,  and  the 
telescope  of  the  astronomer  to  the  ship's  vane,  while  the  earth 
was  like  the  ship,  moving  in  opposite  directions  when  in  the 
opposite  points  of  its  orbit     The  telescope  must  always  be 
pointed  aiiead  of  the  real  direction  of  the  star,  in  the  same 
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manner  as  the  vane  is  always  in  a  cUtection  JbeaA  of  the 
wind ;  and  thus  he  ascertained  the  progressive  motioi  if  , 
r^ht,  and  discovered  the  proportion  of  its  velocaty  to  the  ve« 
locity  of  the  earth  in  its  orbit,  by  obsarvtng  the  defiadon 
which  was  necessarily  given  to  the  telescope.  Obsofiif 
that  the  light  shifted  its  direction  about  40'%  be  ooododed 
its  velocity  to  be  aboQt  11,000  times  greater  than  that  of  tfe 
earth ;  just,  as  the  intelligent  seaman  would  conclude  (rooi 
this  apparent  shifting  of  the  wind,  that  the  velocity  of  tke 
i^ind  b  about  triple  that  of  the  ship.  This  is  indeed  tiie 
best  method  for  discovering  the  velocity  of  the  wind.  Let 
the  direction  of  the  vane  at  the  mast-head  be  very  aoconrte- 
ly  noticed  on  both  tacks,  and  let  the  vdcxaty  of  the  sfaip  be 
also  accurately  measured.  The  angle  between  the  Arec^ons 
of  the  ship^s  head  oti  these  different  tacks  being  halved,  will 
give  the  real  direction  of  the  wind,  which  must  be  compared 
with  the  position  of  the  vane  in  order  to  determine  the  angle 
contained  between  the  real  and  apparent  directions  of  die 
wind  or  the  angle  EC  e ;  or  half  of  the  observed  shifting  cS 
the  wind  will  show  the  inclination  of  its  true  and  apparent 
directions.  This  being  found,  the  proportion  of  EC  to  FC 
(Plate  X.  fig.  6.)  IS  easily  measured. 

We  have  been  very  particular  on  this  point,  because  smoe 
the  mutual  actions  of  bodies  depend  on  their  relative  mo* 
tions  only,  we  should  make  prodigious  mistakes  if  we  esti- 
mated the  action  of  the  wind  by  its  real  direction  and  velod- 
ty,  when  they  differ  so  much  from  the  relative  or  apparent 

442.  We  now  resume  the  investigation  of  the  velocity  of 
the  ship  (Plate  X.  fig.  4.),  having  its  sail  at  right  angles  to 
the  keel,  and  the  wind  blowing  in  the  direction  and  with  the 
velocity  C£,  while  the  ship  proceeds  in  the  direction  of  the 
keel  with  the  velocity  CF.  Produce  £  e,  which  is  parallel 
to  BC,  till  it  meet  the  yard  in  gy  and  draw  FG  perpendicu. 
lar  to  E  g.  Let  a  represent  the  angle  WCD,  contained  be^ 
tween  the  sul  and  the  real  direction  of  the  wind,  aod  let  h 
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be  the  angle  of  trim  BCB.  CE  the  velocity  of  the  wind 
was  expressed  by  V)  and  CP  the  velocity  of  the  slnp  by  r. 

The  absolute  impulse  on  the  sail  is  (by  the  usual  theory) 
proportional  to  the  square  of  the  relative  velocity,  and  to 
die  square  of  the  sine  of  the  angle  of  incidence ;  that  is,  to 
jPE»  X  sin.a  w  CD.  Now  the  angle  GFE  =  to  GD,  and  EG 
is  equal  to  FE  x  sin.  GFE;  and  EG  is  equal  to  Eg*  — g  G. 
fiutEg*n£C  X  sin.  EC^,  =  V  x  shi-a;  andg'G=CF, 
=  V.  Therefore  EG  =f  V  x  wn.  a  -*- 1^,  atad  the  impulse  is 
proportional  to  V  x  sin.  o^— t?  *.  If  S  tepre^^tit  the  surface 
of  the  sail,  the  impulse,  in  pounds,  w^  be  n  S  (V  x  sin. 
a  — 1?)«. 

Let  A  be  the  surface  which,  when  it  tincfets  the  water  per- 
pienchcularly  widi  the  velocity  v,  wUl  sus^n  the  same  pres- 
sure or  resistance  which  the  bows  of  the  ship  actually  meets 
with.  This  impulse,  in  pounds,  will  be  m  A  v*.  Therefore, 
because  we  are  considering  the  ship's  motion  as  in  a  state  of 
unifcrrmity,  the  two  pressures  balance  each  other ;  and  there* 

fore  wAc*  =  n  S  (V  X  sin.  a  — 1?)«,  and  —Av*=  S  (V  X  sin. 


a —  v)* ;  therefore  V  —  \/  A  X  t?  =  ^/s~X  V  X  sin.  a  — 

n 

,           ,         i/ S"x  V  X  sin.  a       V  x  sin.  a     V  x  sin.  a 
»vSjaudi7=  '  / = — • =    / — r- — = — 7==r 

/m  ^ /mA  /a A  .  ^ 

We  see,  in  the  first  place,  that  the  velocity  of  the  ship  is 
(caieris  paribus)  proportional  to  the  velocity  of  the  wind, 
^d  to  the  sine  of  its  incidence  on  the  sail  jointly ;  for 
wniie  the  surface  of  the  sail  S  and  the  equivalent  surface  for 
the  Dows  remains  the  same,  v  increases  or  diminishes  at 
Are  same  rate  with  V*  sin.  a.  When  the  wind  is  right 
^ein,  the  sine  of  a  is  unity,  and  then  the  ship'^s  velocity  is 
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Note,  that  the  denominator  of  this  fncCioii  ia  a  eon 
tiumber ;  for  m  and  ii  are  numben^  and  A  and  S  h 

quantities  of  one  kind,  -g-  ia  also  a  number. 

It  must  also  be  carefully  attended  to^  that  S  CKprtm 

quantity  of  sail  actually  recieiving  wind  with  the  iodini 

;*!  a.     It  will  not  always  be  true,  therefore,  that  the  vek 

yr'Hl  increase  as  the  wind  is  more  abaft,  because  aome  i 
will  then  becalm  others.  This  observation  is  not,  howe 
of  great  importance ;  for  it  is  very  unusual  to  put  a  shi 
the  sitiiadon  considered  hitherto ;  that  is,  with  the  ji 
square,  unless  she  be  right  before  the  wind. 

If  we  would  discover  the  relation  between  the  vek 
aQd  the  quantity  of  siul  in  this  umple  case  of  the  wind  ri 

V 

aft,  observe  that  the  equation  i;  z=      / — jr give 


.8+' 


J 


;pg-t;  +  «  =  V,and  V-j^«  =  V-r,and-j^ 

_   nS  ©« 

=  V— »  «,  and  ^^^  =  (7±^a 5  ««!  because  n  am 


and  A  are  constant  quantities,  S  is  proportional  to  717- 

or  the  surface  of  sail  is  proportional  to  the  square  of 
ship's  velocity  directly,  and  to  the  square  of  the  relative 
locity  inversely.  Thus,  if  a  ship  be  sailing  with  J  of  the 
locity  of  the  wind,  and  we  would  have  her  sul  with  '  ol 
we  must  quadruple  the  sails.  This  is  more  easily  seen 
another  way.  The  velocity  of  the  ship  is  proportional 
the  velocity  of  the  wind ;  and  therefore  the  relative  veloc 
is  also  proportional  to  that  of  the  wind,  and  the  impulse  of 
wind  is  as  the  square  of  the  relative  velocity.  Therefore, 
order  to  increase  the  relative  velocity  by  an  increase  of  j 
only,  we  must  make  this  increase  of  sail  in  the  duplic 
proportion  of  the  increase  of  velocity. 
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Let  us,  In  the  next  place,  consider  the  motion  of  a  ship 
whose  sails  stand  oblique  to  the  keeL 

443.  The  construction  for  this  purpose  difl^  a  little  from 
the  former,  because,  when  the  sails  are  trimmed  to  any  ob- 
lique position  DCB  (Plate  X.  fig.  6.  and  6.),  there  must 
be  a  deviation  from  the  direction  of  the  keel,  or  a  leeway 
BC6.     Call  this  x.     Let  CF  be  the  velocity  of  the  ship. 
Draw,  as  before,  £  g  perpendicular  to  the  yard,  and  FG 
perpendicular  to  Eg*;  also  draw  FH  perpendicular  to  the 
yard :  then,  as  before,  EG,  which  is  in  the  subduplicate  ra- 
tio of  the  impulse  on  the  sail,  is  equal  to  E  jp—  Gg.     Now 
Eg*  is,  as  before,  r=  V  x  ^i°'  ^»  ^^^  ^g^  equal  to  FH, 
which  is  =  CF  X  sin*  FCH,  or  =  •  X  sin.  (6  +  x).   There- 
fore we  have  the  impulse  =r  n  S  (V*  rin.  a—©-  sin.  (ft  +  «))«. 

This  expression  of  the  impulse  is  perfectly  similar  to  that 
In  the  former  case,  its  only  difference  consisting  in  the  sub- 

ductive  part,  which  is  here  o  x  sin  b  +  x  instead  of  v.  But 
it  expresses  the  same,  thing  as  before,  viz.  the  diminution  of 
the  impulse.  The  impulse  being  reckoned  solely  in  the  di- 
rection perpendicular  to  the  sail,  it  is  diminished  solely  by 
the  sail  withdrawing  itself  in  that  direction  from  the  wind  ; 
and  asjpE  may  be  considered  as  the  real  impulsive  motion 
of  the  wind,  GE  must  be  considered  as  the  relative  and  ef- 
fective impulsive  motion.  The  impulse  would  have  been  the 
same  had  the  ship  been  at  rest,  and  had  the  wind  met  it 
perpendicularly  with  the  velocity  GE. 

444.  We  must  now  show  the  connection  between  this  im- 
pulse and  the  motion  of  the  ship.  The  sail,  and  consequent- 
ly the  ship,  is  pressed  by  the  wind  in  the  direction  CI  per- 
pendicular to  the  sail  or  yard  with  the  force  which  we  have 
just  now  determined.  This  (in  the  state  of  uniform  motion) 
must  be  equal  and  opposite  to  the  action  of  the  water.  Draw 
IL  at  right  angles  to  the  keel.  The  impulse  in  the  direc- 
tion CI  (which  we  may  measure  by  CI)  is  equivalent  to  the 
impulses  CL  and  LI.  By  the  first  the  ship  is  impelled  right 
forward,  and  by  the  second  she  is  driven  sidewise.     Thefe- 


fore  we  most  liave  a  leeway^  aed  a  lateral  aa  w^  as  adirect 
resistance.  We  suppose  the  form  eC  the  dirip  to  W  kBinr% 
and  thereforajhe  proportion  is  kno#tt»  <j^  dStStoCfteftHet  be- 
tween tfaedirectand  lateral  resistances  cotreapandiligtoefciy 
angle  x  of  leeway.  Let  A  be  the  suriaoe  whose  perpeitfi- 
cular  resistance  is  equal  to  the  direct  remtance  of  the  stup 
correspoviding  to  the  leeway  «,  that  is,  «wb<Hte  resistance  is 
isqual  to  the  resistance  really  felt  by  tlie  ahip^s  bows  in  die 
direction  of  the  keel  when  she  is  sailing  with  this  leeway; 
and  let  B  in  like  manner  be  the  surface  whoaeperpendicdar 
resistance  is  equal  to  the  actual  resistance  to  the  diip^s  mo- 
tion in  the  direction  LI,  perpendicular  to  tl^e  keeL  (N.  B. 
This  is  not  equivalent  to  A'  and  B'  adapted  to  the  rectan- 
gular box,  but  to  A'- cos.  <  x  and  B' am.  *  «.)  Wehafethere- 

CLB 

fore  A:  B=  CL :  LI,  and  LI=:  —r —     Also,  becauseCI 

=  >/  CL»  +  Lis  we  have  A :  >/  A*  +  Ba  =:  CL  :  CI,  and 

CI  = X •    The  resistance  in  the  directioD  LC 

is  properly  measured  by  m  A  v',  as  has  been  already  observ- 
ed. Therefore  the  resistance  in  the  direction  IC  must  be 
expressed  by  m  ^  A«  +  B^f  t>« ;  or  (making  C  the  surface 
which  is  equal  to  \/A2  +Ba,  and  which  will  therefore  ka^ 
the  same  perpendicular  resistance  to  the  water  having  the 
velocity  v)  it  may  be  expressed  by  m  C  ©*. 

Therefore,  because  there  is  an  equilibrium  between  the 
impulse  and  resistance,  we  have  m  C  ©*,  =  n  S  (V  sin.  a  —  »' 


S 


m 


sin.  b  +  x)*  and  7^  C  t?',  or  9  C  t?2  -  S  (V-  sin,  a  —  ©•  sin. 
b  +  jc)«,  and  -v/9\/Ct)  =  -/S(V-  sin.  a  —  v,  sin.  b  +  x.) 

Therefore  v  =     ,  _    /r»  _i_ — #  c.  '^  ,         •  = 
V-  sin.  a  Sin.  a 
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Observe  that  the  quantity  which  is  the  coefficient  of  V  in 
this  equation  is  a  common  nuinber ;  for  sin.  a  is  a  nuidber, 

being  a  decimal  fraction  of  the  radius  1.   Sin.  ft +  «  is  also  a 
number,  for  the  same  reason.      And  since  m  and  n  were 

numbers  of  pounds,  ~  or  q  is  a  common  number.   And  be- 

C  . 
cause  C  and  S  are  surfaces  or  quantities  of  one  kind,  -g*  is 

also  a  common  number. 

This  is  the  simplest  expression  that  we  can  think  of  for 
the  velocity  acquired  by  the  ship,  though  it  must  be  acknow- 
ledged to  be  too  complex  to  be  of  very  prompt  use.  Its 
complication  arises  from  the  necessity  ofintroducingthelee* 
way  X.  Q?his  affects  the  whole  of  the  denominator ;  for  the 
surface  C  depends  on  it,  because  C  is  =  ^  A*  +  B*,  and  A 
and  B  are  analogous  to  A'  cos.  2  x  and  B'  sin.*  x. 

445.«  But  we  can  deduce  some  important  consequences 
from  this  theorem. 

While  the  surface  S  of  the  sail  actually  filled  by  the  wind 
remains  the  same,  and  the  angle  DCB,  which  in  future  we 
shall  call  the  Trim  of  the  sails,  also  remidns  the  same,  both 
the  leeway  jc  and  the  substituted  surface  C  remain  the  same. 
The  denominator  is  therefore  constant ;  and  the  velocity  of 
the  ship  is  proportional  to  ^  S-  V*  sin.  a ;  that  is,  directly 
as  the  velocity  of  the  wind,  directly  as  the  sine  of  the  abso- 
lute inclination  of  the  wind  to  the  yard,  and  directly  as  the 
square  root  of  the  surface  of  the  sails. 

We  also  learn  from  the  construction  of  the  figure  that  FG 
parallel  to  the  yard  cuts  C£  in  a  given  ratio.  For  CF  is  in 
a  constant  ratio  to  E  g,  as  has  been  just  now  demonstrated. 
And  the  angle  DCF  is  constant.  Therefore  CF  *  sin.  ft,  or 
FH  or  Gg-,  is  proportional  to  Eg',  and  OC  to  EC,  or  EC 
is  cut  in  one  proportion,  whatever  may  be  the  angle  ECD, 
so  long  as  the  angle  DCF  is  constant. 

We  i^lso  see  that  it  is  very  possible  for  the  velocity  of  the 
ship  on  an  oblique  course  to  exceed  that  of  the  wind.     This 
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sin.  a 


will  be  the  case  when  the  number      /      q 


ceeds  unity,  or  when  sin.  a  is  greater  than  V  9  -^  4.  giii. 


b  +x.  Now  this  may  easily  be  by  sufficiently  enlargiDg  S 
and  diminishing  b  +  x.  It  is  indeed  frequently  seen  in  fine 
sailers  with  all  their  sails  set  and  not  hauled  too  near  the 
wind. 

We  remarked  above  that  the  angle  of  leeway  r  affects  the 
whole  denominator  of  the  fraction  which  expresses  the  Telo- 
city. Let  it  be  observed  that  the  angle  ICL  is  the  oomple- 
ment  of  LCD,  or  of  b.  Therefore  CL  :  LI,  or  A :  B  = 
1  :  tan.  ICL,  =  1  :  cot.  &,  and  B  =:  A.  cotan.  6.  Now  A 
is  equivalent  to  A'  *  cos.*  x,  and  thus  b  becomes  a  function 

of  «.  C  is  evidently  so,  being  =  v^A*  +  B*.  Therefore 
before  the  value  of  this  fraction  can  be  obtained,  we  must 
be  able  to  compute,  by  our  knowledge  of  the  form  of  the 
ship,  the  value  of  A  for  every  angle  x  of  leeway.  This  can 
be  dobe  only  by  resolving  her  bows  into  a  great  number  of 
elementary  planes,  and  computing  the  impulses  on  each  and 
adding  them  into  one  sum.  The  computation  is  of  immense 
labour,  as  may  be  seen  by  one  example  given  by  Bouguer. 
When  the  leeway  is  but  small,  not  exceeding  ten  degrees, 
the  substitution  of  the  rectangular  prism  of  one  determined 
form  is  abundantly  exact  for  all  leeways  contained  within 
this  limit ;  and  we  shall  soon  see  reason  for  being  contented 
with  this  approximation.  We  may  now  make  use  of  the 
formula  expressing  the  velocity  for  solving  the  chief  pro- 
blems in  this  part  of  the  seamau^s  task. 

446.  And  first  let  it  be  required  to  determine  the  best  po- 
sition of  the  sail  for  standing  on  a  given  course  a  by  when 
C  E  the  direction  and  velocity  of  the  wind,  and  its  angle 
with  the  course  W  C  F,  are  given.  This  problem  has  ex- 
ercised the  talents  of  the  mathematicians  ever  since  the  days 
of  Newton.     In  the  article  Pneumatics  we  gave  the  solu- 
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tion  of  one  very  nearly  related  to  It,  namely,  to  detennine 
die  position  of  the  sail  which  would  produce  the  greatest 
impulse  in  the  direction  of  the  course.  The  solution  was  to 
place  the  yard  CD  in  such  a  position  that  the  tangent  of  the 
angle  FCD  may  be  one-half  of  the  tangent  of  the  angle 
DCW.  This  will  indeed  be  the  best  position  of  the  sail  for 
beginning  the  motion ;  but  as  soon  as  the  ship  begins  to 
move  in  the  direction  CF,  the  effective  impulse  of  the  wind 
if  diminished,  and  also  its  inclination  to  the  sail.  The  an- 
gle DC  to  diminishes  continually  as  the  ship  accelerates; 
for  CF  is  now  accompanied  by  its  equal  e  £,  and  by  an  an- 
gle EC  f,  or  WC 10.  CF  increases,  and  the  impulse  on  the 
sail  diminishes,  till  an  equilibrium  obtains  between  the  re- 
sistance of  the  water  and  the  impulse  of  the  wind.  The  im- 
pulse is  now  measured  by  C  «2  x  sin.  ^  e  CD  instead  of  C£' 
X  sin.  *  ECD,  that  is,  by  EG'  instead  of  Eg-S 

This  introduction  of  the  relative  motion  of  the  wind  ren* 
ders  the  actual  solution  of  the  problem  extremely  difficult 
It  is  very  easily  expressed  geometrically :  Divide  the  angle 
to  CF  in  such  a  manner  that  the  tangent  of  DCF  may  be 
lialf  o£  the  tangent  of  DC  to,  and  the  problem  may  be  con- 
structed geometrically  as  follows. 

Let  WCF  (Plate  X.  fig.  7.)  be  the  angle  between  tht 
sail  and  course.  Round  the  centre  C  describe  the  ciix;le 
WDFY ;  produce  WC  to  Q,  so  that  C  Q  =  ^  W  C,  and 
draw  QY  parallel  to  CF  cutting  the  circle  in  Y ;  bisect  the 
arch  W  Y  in  D,  and  draw  DC.  DC  is  the  proper  position 
of  the  yard. 

Draw  the  chord  WY,  cutting  CD  in  V,  and  CF  in  T ; 
draw  the  tangent  PD  cutting  CF  in  S,  and  CY  in  R. 

It  is  evident  that  WY,  PR,  are  both  perpendicular  to 
CD,  and  are  bisected  in  V  and  D ;  therefore  (by  reason  of 
the  parallels  QY,  CF)  4:3  =  QW :  C W,  =  YW :  T W, 
=  RP:SP.  Therefore  PD:PS  =  2:3,  and  PD:DS  = 
3:1.  Q,  E.  D.  But  this  division  cannot  be  made  to  the 
best  advantage  till  the  ship  has  attained  its  greatest  velocity, 
and  the  angle  w  CF  has  been  prpduce<l 
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We  must  oonadcr  all  the  three  angles,  a,  fr,  afod  a^  as^nk* 
liable  la  the  equation  which  expresses  the  Tahie  oFv^aai 
we  must  make  the  fluxion  of  this  equatioo  =ze;  then,  bjr 
means  of  the  equation  B  =  A*  ootaii.  6,  we  muM  obtain  the 
value  dfi  and  of  6  in  terms  of  »  and  jc.  With  respect  to  a, 
observe,  that  if  we  make  the  angle  WCF  z=:p,  we  have  p  := 
m  +  b  +  sfi  and  p  being  a  constant  quaotiiy,  we  have  a  +  h 
4. «  =  o.  Substituting  for  a,  &,  a,  and  &»  thor  vahies  in 
teirms  of  x  and  «,  in  the  fluxionary  equation  z=  e,  we  veafiy 
obtain  «,  and  then  a  and  £,  which  solves  the  problem. 

l«et  it  be  required,  in  the  next  place,  to  determine  the 
course  and  the  trim  of  the  sails  most  proper  for  pljing  to 
windward. 

447.  In  Plate  X.  fig.  &  draw  FP  perpendioihff  to  WC. 
CF  is  the  motion  of  the  ship ;  but  it  is  only  by  the  modM 
CP  that  she  gains  to  windward.  Now  CP  ia  ^  CF  X  eoeiiL 
WCF,  or  v  oosin.  (a+b  +  x).  Thia  must  be  rendcied a 
maximums  as  follows. 

By  means  of  the  equation  which  expresses  the  value  of  s 
and  the  equation  B  =  A*  cotan.  &,  we  exterminate  the  quan- 
tities V  and  b ;  we  then  take  the  fluxion  of  the  quantity  into 
which  the  expression  v  cos.  (a  -|-ft  -|.  jr)  is  changed  by  this 
operation.  Making  this  fluxu>n  =  0,  we  get  the  equation 
which  must  solve  the  problem.  This  equation  will  contun 
the  two  variable  quantities  a  and  x  with  their  fluxions ;  then 

make  the  coefficient  of  x  equal  to  0,  also  the  coefllcient  of  a 
equal  to  0.  This  will  give  two  equations  which  will  deter- 
mine a  and  x,  and  from  this  we  get  bzzp  — a  —  jr. 

448.  Should  it  be  required,  in  the  third  place,  to  find  the 
best  course  and  trim  of  the  sails  for  getting  away  from  a 
given  line  of  coast  CM  (Plate  X.  fig.  6.),  the  process  per- 
fectly resembles  this  last,  which  is  in  fact  getting  away  from 
a  line  of  coast  which  makes  a  right  angle  with  the  wind. 
Therefore,  in  place  of  the  angle  WCF,  we  must  substitute 
the  angle  WCM  db  WCF.  Call  this  angle  e.  We  roust 
make  v*  cos.  (e  z±z  a  =t=  fr  zfe:  x)  a  maximum.     The  analyti- 
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caL  process  is  the  same  as  the  former,  only  e  is  here  a  con- 
stant quantity. 

.  440*  These  are  the  tl^iee  pmdpal  proUems  which  can 
life  solved  by  me^s  of  the  knowledge  that  we  have  ohtaia* 
€4  <$f  the  motion  of  the  diip  when  impelled  by  aq..  obUque 
8iul,  and  therefore  maipng  leeway;  and  they  may  be  con* 
aidered  as  an  abstraqt  of  this  part  of  M.  Bouguer^s  work. 
We.  h^ve  only  poiipited  out  the  process  for  this  solution,  and 
have  even  omitted  some  things  taken  notice  of  by  M.  Be- 
2out  in  lus  very  elegw^t  compendium.   Our  reasons  will  ap- 
pear as  we  go  on.     The  learned  reader  will  readily  siee  the. 
extreme  difficulty  of  the  subject,  and  the  immense  calcula- 
tions which  fre  necessary  even  in  the  simplest  cases,  and  will 
grailt  that  it  is  out  of  the  power  of  any  but  an  expert  analyst 
to  derive  any  ase  from  them ;  h^%  the  mathematician  can 
calculate  tal^es  for  the  i|se  of  the  practical  seaman*      Thus 
he  can  calci)|i^  the  best  position  of  the  sails  for  advancing  in 
a  course  90P  from  the  wind,  and  tb^  velocity  in  that  course ; 
then  for  85%  80<^,  7Bp,  4ec.     HI.  Bouguer  has  given  a  table 
of  this  kind :  but  to  avoid  the  immemae  diipculty  of  the 
process,  he  has  ^d^pted  it  to  the  ^pareitf  direction  of  the 
wind.     We  have  mserted  a  &w  of  his  numbers,  suited  to 
aubch'  cases  as  can  be  of  service,  naipely,  when  all  the  sails 
draw,  or  nme  stand  in  the  way  of  others.      Column  1st  is 
the  apparent  angle  of  the  wind  and  course ;  column  2d  is 
the  corresponding  angle  of  the  sails  and  keel ;  and  column 
M  is  the  apparent  angle  of  the  sails  and  wiqd. 


1 

2 

3  . 

wCF 

DCB 

to  CD 

103»S3' 

42O30' 

61°  23' 

99  13 

40  — 

50  13 

94  35 

37  30 

56  65 

89  28 

36  — 

64  28 

84  23 

as  30 

61  53 

79  06* 

ao  — 

49  06 

73  39 

27  30 

46  90 

68  — 

26  — 

43  — 
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Ill  dl  these  numbers  we  haTe  tbetangcBt  atm  CD  da 

of  the  tangent  of  DCF. 
;  450.  But  this  is  really  dmng  but  little  for  the  aaa 

I  The  qiparent  direetioo  iif  the  wind  is  anknown  to  turn 

the  ship  issttling  with  unrfbrm  velocitj ;  and  he  ia  still 
informed  as  to  the  leeway.  It  is,  bowercr,  of  aerviet 
him  to  know,  for  instance,  that  when  the  angle  of  the  fa 
and  yards  is  66  degrees,  the  yard  diould  be  fanmed  of 
Sr30',«wj. 
But  here  occurs  a  new  difficulty.  By  the  conatructioi 
^  a  square-rigged  ship  it  is  impossible  to  give  the  jrards  1 

inclination  to  the  keel  which  the  cakulatioo  requirea.  I 
ships  can  have  their  yards  braced  up  to  37*  SV  ;  and 
this  b  required  in  order  to  have  an  incidence  of  BB^^  and 
hold  a  course  94^  86'  from  the  apparent  diiectiuu  of 
wind,  that  is,  with  the  wind  iqypareatly  4*  26'  abaft 
beam.  A  good  sailing  ship  in  this  position  may  aoqun 
"▼elocity  eren  exceeding  that  of  the  wind.  Let  ua  aapf 
it  only  one  half  of  this  velocity.  We  shall  find  thai 
angle  WC  w  is  in  this  case  about  89^,  and  the  ahip  ia  nc 
ly  going  18^  from  the  wind,  with  the  frind  ahnoat  perp 
dicular  to  the  ttail ;  therefore  this  utmost  bnMan|^  up  of 
iails  is  only  ginng  them  the  poution  suited  to  a  wind  bn 
on  the  quarter.  It  is  impossible  therefore  to  comply  m 
the  demand  of  the  mathematician,  and  the  •^■m!n  muat 
contented  to  employ  a  less  favourable  disposition  of  hia  s 
in  all  cases  where  his  course  does  not  lie  at  least  eleven  pew 
from  the  wind. 

Let  us  see  whether  this  restriction,  arising  from  nee 
sity,  leaves  any  thing  in  our  choice,  and  makes  one  coui 
preferable  to  another.  We  see  that  there  is  a  prodigio 
number  of  courses,  and  these  the  most  usual  and  the  mc 
important,  which  we  must  hold  with  one  trim  of  the  aaili 
in  particular,  sailing  with  the  wind  on  the  beam,  and  i 
cases  of  plying  to  windward,  must  be  performed  with  tfa 
unfavourable  trim  of  the  sails.     We  are  certain  that  tl 
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smaUer  we  make  the  angle  of  inddence,  real  or  apparent, 
the  smaller  will  be  the  velodty  of  the  ship ;  but  it  may  hap- 
pen that  we  shall  gain  more  to  windward,  or  get  sooner 
away  from  a  lee-cbast,  or  any  object  of  danger,  by  sailing 
slowly  on  one  course  than  by  sailing  quickly  on  another. 

We  have  seen  that  while  the  trim  of  the  sails  remains  the 
same,  the  leeway  and  the  angle  of  the  yard  and  course  re- 
mains the  same,  and  that  the  velocity  of  the  ship  is  as  the 
sine  of  the  angle  of  real  incidence,  that  is,  as  the  sine  of  the 
angle  of  the  sail  and  the  real  direction  of  the  wind. 

Let  the  ship  AB  (Plate  X.  %  8.)  hold  the  course  CF, 
with  the  wind  blowing  in  the  direction  WC,  and  having  her 
yards  DCD  braced  up  to  the  smallest  angle  BCD  which  the 
rigging  can  admit.  Let  CF  be  to  C£  as  the  velocity  of  the 
ship  to  the  velocity  of  the  wind ;  join  FE  and  draw  C  w 
parallel  to  £F ;  it  is  evident  that  FE  is  the  relative  motion 
of  the  wind,  and  w  CD  is  the  relative  incidence  on  the  sail. 
Draw  FO  parallel  to  the  yard  DC,  and  describe  a  circle 
through  thepomts  COF ;  then  we  say  that  if  the  ship,  with 
the  same  wind  and  the  same  trim  of  the  same  drawing  sails, 
be  made  to  sail  on  any  other  course  Cf,  her  velocity  along 
CF  is  to  the  velocity  along  C/as  CF  is  to  Cf;  or,  in  other 
words,  the  ship  will  employ  the  same  time  in  going  from  C 
to  any  point  of  the  circumference  CFO. 

Join/0.  Then,  because  the  angles  CFO,  C/0  are  on 
the  same  chord  CO,  they  are  equal,  andy*0  is  parallel  to 
dC  df  the  new  position  of  the  yard  corresponding  to  the 
new  position  of  the  keel  a  &,  making  the  angle  d  C  i=:DCB. 
Also,  by  the  nature  of  the  circle,  the  line  CF  is  to  Cy*as  the 
sine  of  the  angle  COF  to  the  sine  of  the  angle  CO/,  that  is 
(on  account  of  the  parallels  CD,  OF  and  C  (/,  O/,)  as  the 
sine  of  WCD  to  the  sine  of  WC  d.  But  when  the  trim  of 
the  sails  remains  the  same,  the  velocity  of  the  ship  is  as  the 
une  of  the  angle  of  the  sail  with  the  direction  of  the  wind ; 
therefore  CF  is  to  C/as  the  velocity  on  CF  to  th»it  onCf, 
and  the  proposition  is  demonstrated. 

VOL.  IV.  2  s 


>1 


1 

1 


V* 


64S  veAMAHmm 

'ij  451.  Lei  it  DOW  be  fcquirttl  to  J^frtmine  the  bM  tt 

for  avoiding  a  rock  R  lying  in  die  dEtectlkm  C7R,  orftri 
1^  drawing  as  fiut  as  pomble  from  m  line  of  eoMt  FQ.    I 

i  CM  through  R,  or  parallel  to  PQ,  and  let  mbe  tbeni 

of  the  arch  C  «  M.    It  is  plain  that  m  u  the  most  re 

from  CM  of  any  pmntof  theardi  C  mM,  and  tberefbn 

;^  I  ship  will  recede  farther  from  the  coast  PQ  in  any  i 

:  time  by  holding  the  course  C  m  than  fay  any  other  ooa 

This  course  is  eanly  determined ;  for  tfaie  aidi  C  ii 

S60»  — (arch  CO+archOM),  and  the  mrA  CO  ii 

i  measure  of  twice  the  angle  CFO,  or  twice  the  angle  I 

or  twice  6  -f  «,  and  the  arch  OM  meaain^es  twice  the  i 
£CM« 

Thus,  suppose  the  sharpest  possible  trim  of  the  m 

be  Sj^,  and  the  observed  angle  ECM  to  be  70^  ;  then  ( 

O  M  is  TO*"  +  140»  or  210".    This  being  taken  fiom  : 

leaves  150^,  of  which  the  half  M  m  is  75%  luid  the  i 

'  MC  III  is  ST*"  90".     This  added  to  ECM  makes  £Cfli 

SVj  leaving  WCm  =  72»  30%  and  the  ship  mnst  bo 
'.  •  course  making  an  angle  of  79*  Sfy  with  the  real  direcfk 

the  wjnd»  and  WCD  wUl  be  ST^  SO . 

This  supposes  no  leeway.  But  if  we  know  that  undi 
the  sail  whidi  the  ship  can  carry  with  safety  and  advant 
she  makes  5  degrees  of  leeway,  the  angle  DC  at  of  the 
and  course,  or  &  +  jt,  is  40^.  Then  CO  -f.  OM=:  2 
which  being  taken  from  360^  leaves  140*^,  of  which  the  1 
is  TO*",  =  M  m,  and  the  angle  MC  m  =  SS^,  and  EC  m  =r  II 
and  WC  m=z  75%  and  the  ship  must  lie  with  her  head 
from  the  wind,  making  5  degrees  of  leeway,  and  the  an 
WCD  is  35^ 

The  general  rule  for  the  position  of  the  ship  is,   thai 
line  on  shipboard  which  bisects  the  angle  h  +x  mm/  also  bu 
the  angle  WCM,  or  make  the  angle  between  the  course  a 
the  line  from  which  we  wish  to  withdraw  equal  to  the  an/ 
between  the  sail  and  the  real  direction  of  the  wind. 
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402.  It  IB  plaiii  thai  this  problem  includes  that  of  [dying  to 
windward.  We  have  only  to  suppose  ECM  to  be  90^; 
then,  taking  our  example  in  the  same  ship,  with  the  same 
trim  and  the  same  leeway,  we  have  i  -f  « = 40>.  This  taken 
from  90^  leaves  50»  and  WCn=: 90  — 25  =  66,  and  the 
ship^s  head  must  lie  60^  from  the  wind,  and  the  yard  must 
be  SS""  from  it. 

It  must  be  observed  here,  that  it  is  not  always  eli^ble  to 
select  the  course  which  will  remove  the  ship  fastest  from  the 
given  line  CM  ;  it  may  be  more  prudent  to  remove  from  it 
more  securely  though  more  slowly.  In  such  cases  the  pro- 
cedure is  very  simple,  viz.  to  shape  the  course  as  near  the 
wind  as  is  possible. 

The  reader  will  also  easily  see  that  the  propriety  of  these 
practices  is  confined  to  those  courses  only  where  the  practi- 
cable trim  of  the  sails  is  not  sufficiently  sharp.  Whenever 
the  course  lies  so  far  from  the  wind  that  it  is  possible  to  make 
the  tangent  of  the  apparent  angle  of  the  wind  and  sail 
double  the  tangent  of  the  sail  and  course,  it  should  be 
done. 

453.  These  are  the  chief  practical  consequences  which  can 
be  deduced  from  the  theory.  But  we  should  consider  how  far 
this  a^stment  of  the  sails  and  course  can  be  performed. 
And  here  occur  difficulties  so  great  as  to  make  it  almost  iin- 
practicaUe.  We  have  always  supposed  the  poation  of  the 
surface  of  the  sail  to  be  distinctly  observable  and  measur- 
able ;  but  this  can  hardly  be  affirmed  even  with  respect  to 
a  sail  stretched  on  a  yard.  Here  we  supposed  the  surface  of 
the  sail  to  have  the  same  inclination  to  the  keel  that  the 
yard  ha&  This  is  by  no  means  the  case ;  the  sail  assumes 
a  concave  form,  of  which  it  is  almost  impossible  to  assign  th^ 
Erection  of  the  mean  impulse.  We  believe  that  this  is  al- 
ways considerably  to  leeward  of  a  perpendicular  to  the  yard, 
lying  between  CI  and  CE  (Plate  X.  fig.  6.)  This  is  of  some 
advantage,  being  equivalent  to  a  sharper  trim.    We  cannot 

affirm  this,  however,  with  any  confidence,  because  it  render* 
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the  impube  od  the  wetther4eedli  of  the  muI  ao  exoee&i^ 
feeUe  as  haidlj  to  have  any  eftot.  la  lailillg  doie  Id  the 
wind  the  ship  is  ke[^  so  near  that  the  weather^leech  oCtbe 
sail  is  ahnost  ready  to  receive  the  wind  edgewise,  and  to  flnt* 
ter  or  shiver.  The  most  effective  or  drawing  sails  wilh  t 
side-wind,  especially  when  plying  to  windward,  are  the  itsj- 
sails.  We  bdieve  that  it  is  impossible  to  say,  'irith  any  thing 
approaching  to  precision,  what  u  the  piositioo  of  the  genenl 
surface  of  a  staysml,  or  to  calcnlatr  the  intensity  and  direc- 
tion of  the  general  impulse ;  and  we  affirm  with  coofidenoe 
that  no  man  can  pronounce  on  these  points  with  any  ezsct- 
ness.  If  we  can  guess  witlun  a  third  or  a  fourth  part  of 
the  truth,  it  is  all  we  can  pretend  to;  and  after  all,  it  is  but 
a  guess«  Add  to  this,  the  sails  coming  in  the  way  of  each 
other,  and  either  becalming  them  or  sending  the  v^nd  upon 
them  in  a  direction  widely  diffemt  from  that  of  its  free  mo- 
tion. All  these  points  we  think  beyond  our  power  of  cal- 
culation, and  therefore  that  it  is  in  vain  to  give  the  seamsii 
mathematical  Tules,  or  even  tables  of  adjustmoit  ready  cal- 
culated ;  since  he  can  neither  produce  that  medium  position 
oC  his  sails  that  is  required,  nor  tell  what  is  the  positioa 
which  he  employs. 

This  is  one  of  the  principal  reasons  why  so  little  advantage 
has  been  derived  from  the  very  ingenious  and  jntMiusiiig 
disquisitions  of  Bouguer  and  other  mathematicians,  and  has 
made  us  omit  the  actual  solution  of  the.chief  problems,  con- 
tenting ourselves  with  pointing  out  the  process  t%>  sudi  read- 
ers as  have  a  relish  for  these  analytical  operations. 

454.  But  there  is  another  prindpal  reason  for  the  small 
progress  which  has  been  made  in  the  theory  of  seamanship : 
This  is  the  errors  of  the  theory  itself,  which  suj^Mses  the 
impulsions  of  a  fluid  to  be  in  the  duplicate  ratio  of  the  one 
of  incidence.  The  most  careful  comparison  which  has  been 
made  between  the  results  of  this  theory  and  matter  of  fact, 
is  to  be  seen  in  the  experiments  made  by  the  membosc^tlie 
Royal  Academy  of  SdeiKes  at  Paris,  mentioned  in  our  ar- 
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tide  on  the  REsiaTANCE  ofFluiis.  We  subjoin  another  ab- 
stract of  them  in  the  following  table;  where  col.  Ist  ^ves 
the  angle  of  incidence ;  col.  8d  gives  the  impulsions  really 
observed ;  col.  3d  the  impulses,  had  they  followed  the  du- 
plicate ratio  of  the  sines ;  and  col.  4th  the  impulses,  if  they 
were  in  the  simple  ratio  of  the  sines. 


Angit 

Impul-  ' 

Impulse 

Impulse 

of 

tion 

•s 

at 

Incid- 

obterred. 

Siue*. 

Sine. 

90 

1000 

1000 

1000 

«4 

989 

989 

995 

78 

95S 

957 

978 

72 

90S 

905 

951 

66 

845 

835 

914 

60 

771 

750 

866 

54 

698 

655 

809 

48 

6l5 

552 

743 

42 

548 

448 

669 

86 

480 

846 

587 

80 

440 

250 

500 

24 

424 

165 

407 

18 

414 

96 

809 

12 

406 

43 

208 
105 

6 

400 

11 

Here  we  see  an  enormous  difference  in  the  great  obliqui- 
ties. When  the  angle  of  incidence  is  only  six  degrees,  the 
observed  impulse  is  forty  times  greater  tlian  the  theoretical 
impulse;  at  12"*  it  is  ten  times  greater;  at  18^  it  is  more 
than  four  times  greater ;  and  at  24""  it  is  almost  three  times 
greater. 

No  woifider  then  that  the  deductions  from  this  theory  are 
so  useless  and  so  unlike  what  we  familiarly  observe.  We 
took  notice  of  this  when  we  were  considering  the  leeway  of 
a  rectangular  box,  and  thus  saw  a  reason  for  admitting  an 
incomparably  smaller  leeway  than  what  would  reslik  fVom 
the  laborious  computations  necessary  by  the  theory.  This 
error  in  theory  has  as  great  an  influence  on  the  impulsions 
of  lur  when  acting  obliquely  on  a  sail ;  and  the  experiments 
of  Mr.  Robins  and  of  the  Chevalier  Borda  on  the  oblique 
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impulttons  of  air  ire  perfectly  oonfimudble  (ti  fiv  as  tfaej 
go)  to  those  of  the  ocademuaaDt  on  water.     The  oUiqoe 
mpulsioDS  of  the  wind  are  therefore  miidi  niore  cCcmmnk 
for  presring  the  ship  in  the  directioii  of  her  course  dm  die 
tbeoiy  allows  us  to  suppose ;  and  the  progreas  of  a  dup 
plying  to  windward  is  much  greater,  bodi  because  the  ob- 
lique impulses  of  the  wind  are  more  eflbetiive^  and  bcaune 
the  leeway  is  much  smaller,  than  we  suppose.    Were  aot 
this  the  case,  it  would  be  impossible  for  a  square-rigged  ship 
to  get  to  windward.     The  knpiilse  on  h^r  suls  when  dose 
hauled  would  be  so  trifling,  that  she  would  not  have  a  third 
part  of  the  veloci^  which  we  see  her  acquire:  and  this 
trifling  velocity  would  be  wasted  in  leeway;  fbr  we  have 
aeen  that  the  diminution  of  the  bUique  impulses  of  the  wster 
IS  acccmipanied  by  an  increase  of  leeway.    -  But  we  see  that 
in  the  great  obliquities  the  impulsions  continue  to  be  veij 
considerable,  and  that  even  an  ioiddenoe  of  ^  degrees  gives 
an  impulse  as  great  as  the  theory  allows  to  an  incidence  of 
40.     We  may  therefore,  on  all  occasions,  keep  the  yards 
more  square ;  and  the  loss  which  we  sustain  by  the  diminu- 
tion of  the  very  oblique  impulse  will  be  more  than  compen- 
sated by  its  more  favourable  direction  with  respect  to  tbe 
ahip*s  keel.     Let  us  take  an  example  of  this.     Suppose  tbe 
wind  about  two  points  before  the  beam,  making  an  angleof 
68^  with  the  keel.     The  theory  assigns  43**  for  the  indina- 
tion  of  the  wind  to  the  sail,  and  25*"  for  the  trim  of  the  ssil. 
The  perpendicular  impulse  being  supposed  1000,  the  theo- 
retical impulse  for  43°  is  465.     This  reduced  in  the  propor- 
tion of  radius  to  the  sine  of  35%  gives  the  impulse  in  the  di- 
rection of  the  course  only  197. 

But  if  we  ease  ofi*  the  lee^braces  till  the  yard  makes  an 
angle  of  50"^  with  the  keel,  and  allows  the  wind  an  incidenoe 
of  no  more  than  1S%  we  have  the  experimented  impolse414v 
which,  when  reduced  in  the  proportion  of  radius  to  the  ane 
of  50°^  gives  an  effective  impulse  31 7.  In  like  manner,  the 
trim  5fr>,  with  the  incidence  18^,  gives  an  cfitedve  impulse 
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337;  and  the  trim  62%  with  the  incidence  only  6*^,  gives 
353. 

Hence  it  would  at  first  sight  appear  that  the  angle  DCB 
of  62°  and  WCD  of  6*^  would  be  better  for  bedding  a  course 
within  six  points  of  the  wind  than  any  more  oblique  position 
of  the  saib ;  but  it  will  only  give  a  greater  initial  impulse. 
As  the  ship  accelerates,  the  wind  apparently  comes  ahead, 
and  we  must  continue  to  brace  up  as  the  ship  freshens  her 
way.  It  is  not  unusual  for  her  to  acquire  half  or  two  thirds 
of  the  velocity  of  the  wind ;  in  which  case  the  wind  comes 
apparently  ahead  more  than  two  points,  i^hen  the  yards  must 
be  braced  up  to  35%  and  this  allows  an  impulse  no  greater 
than  about  7^  Now  this  is  very  frequently  observed  in  good 
ships,  which  in  a  brisk  gale  and  smooth  water  will  go  five 
or  six  knots  dose-hauled,  the  ship^s  head  six  points  from  the 
wind,  and  the  sails  no  more  than  just  full,  but  ready  to 
shiver  by  the  smallest  lufi*.  All  this  would  be  impossible 
by  the  usual  theory ;  and  in  this  respect  these  experiments 
of  the  French  academy  give  a  fine  illustration  of  the  sea- 
man^s  practice.  They  account  for  what  we  should  other- 
wise be  much  puzzled  to  explain ;  and  the  great  progress 
which  is  made  by  a  ship  close-hauled  being  perfectly  agree- 
able to  what  we  should  expect  from  the  law  of  oblique  im- 
pulsion deducible  from  these  so  often  mentioned  experiments, 
while  it  is  totally  incompatible  with  the  common  theory, 
should  make  us  abandon  the  theory  without  hesitation,  and 
strenuously  set  about  the  establishment  of  another,  founded 
entirely  on  experiments.  For  this  purpose  the  experiments 
should  be  made  on  the  oblique  impulsions  of  air  on  as  great 
a  scale  as  possible,  and  in  as  great  a  variety  of  circumstan- 
ces, so  as  to  furnish  a  series  of  impulsions  for  all  angles  of 
obliquity.  We  have  but  four  or  five  experiments  on  this 
subject,  tjiz.  two  by  Mr.  Sobins  and  two  or  three  by  Borda. 
Having  thus  gotten  a  series  of  impulsions,  it  is  very  practi- 
cable to  raise  on  this  foundation  a  practical  institute,  and  to 
give  a  table  ^f  the  velocities  of  a  ship  suited  to  every  angle 
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of  inclination  and  of  trim  ;  for  nothing  is  m€>re  certain  thin 
the  resolution  of  the  impulse  perpendicular  to  the  sail  into  t 
force  in  the  direction  of  the  keel,  and  a  lateral  force. 

456.  We  are  also  disposed  to  think  that  experioaents  might 
be  made  on  a  model  very  nicely  rigged  with  sails,  and  trim- 
med in  every  different  degree,  which  would  point  out  the 
mean  direction  of  the  impulse  on  the  sails,  and  the  compa- 
rative force  of  these  impulses  in  different  directions  of  die 
wind.     The  method  would  be  very  similar  to  that  for  exa- 
mining the  impulse  of  the  water  on  the  hull.   If  this  can  al- 
so be  ascertained  experimentally,  the  intelligent  reader  will 
easily  see  that  tlie  whole  motion  of  a  ship  under  sail  may  be 
determined  for  every  case.     Ti^jbles  may  then  be  constmct- 
ed  by  calculation,  or  by  graphical  operations,  whi<^  will 
give  the  velocities  of  a  ship  in  every  different  course,  and 
corresponding  to  every  trim  of  stul.     And  let  it  be  here  ob- 
served, that  the  trim  of  the  sail  is  not  to  be  estimated  in  de- 
grees of  inclination  of  the  yards ;  because,  as  we  have  abeady 
remarked,  we  cannot  observe  nor  adjust  the  lateen  sails  in 
this  way.     But,  in  making  the  experiments  for  ascertaining 
the  impulse,  the  exact  position  of  the  tacks  and  sheets  of  the 
sails  are  to  be  noted ;  and  this  combination  of  adjustments 
is  to  pass  by  the  name  of  a  certain  trim.     Thus  that  trim  of 
all  the  sails  may  be  called  40,  whose  direction  is  experiment- 
ally found  equivalent  to  a  flat  surface  trimmed  to  the  obli- 
quity 40**. 

Having  done  this,  we  may  construct  a  figure  for  each 
trim  similar  to  Plate  X.  fig.  8.  wlicre,  instead  of  a  circle,  we 
shall  have  a  curve  COM'F',  whose  chords  CF',  Cy^,  &c.  are 
proportional  to  the  velocities  in  these  courses  ;  and  by  means 
of  this  curve  we  can  find  the  point  m\  which  is  most  remote 
from  any  line  CAf  from  which  we  wish  to  withdraw  :  and 
thus  we  may  solve  all  the  principal  problems  of  the  art. 

457.  We  hope  that  it  will  not  be  accounted  presumptioo 
in  us  to  expect  more  improvement  from  a  theory  founded 
on  judicious  experiments  only,  than  from  a  theory  of  the 
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e  of  fluids,  which  is  found  so  inconsistent  with  obser* 

and  of  whose  fiiUacy  all  its  authors,  from  Newton  to 

nbert,  entertuned  strong  sus^Hcions.     Agun,  we  beg 

o  recommend  this  view  of  the  subject  to  the  attention 

SOCIETT  FOR  THE  ImPROTBMENT  OF  NaTAL   ArCHI- 

RE.  Should  these  patriotic  gentlemen  entertain  a  fa« 
>le  opinion  of  the  plan,  and  honour  us  with  their  cor- 
dence,  we  will  cheerfully  impart  to  them  our  notions 
way  in  which  both  these  trains  of  experiments  may 
secuted  with  success,  and  results  obtained  in  which  we 
mfide ;  and  we  content  ourselves  at  present  with  oC- 
to  the  public  these  hints,  which  are  not  the  specula- 
»f  a  man  of  mere  science,  but  of  one  who,  with  a  com- 
knowledge  of  the  laws  of  mechanical  nfiture,  has  the 
ence  of  several  years  service  in  the  royal  navy,  where 
t  of  working  of  ships  was  a  favourite  object  of  his  scien- 
tention. 

i.  With  these  observations  we  conclude  our  discussion 
first  part  of  the  seaman^s  task,  and  now .  jHt)ceed  to 
er  the  means  that  are  employed  to  prevent  or  to  pro- 
my  deviations  from  the  uniform  rectilineal  course  which 
(en  selected. 

re  the  ship  is  to  be  considered  as  a  body  in  free  space, 
rtible  round  her  centre  of  inertia.  For  whatever  may 
\  point  round  which  she  turns,  this  motion  may  always 
isidered  as  compounded  of  a  rotation  round  an  axis 
g  through  her  centre  of  gravity  or  inertia.  She  is  im- 
by  the  wind  and  by  the  water  acting  on  many  sur- 
lifferently  inclined  to  each  other,  and  the  impulse  on 
s  perpendicular  to  the  surface.  In  order  therefore 
the  may  continue  steadily  in  one  course,  it  is  not  only 
ary  that  the  impelling  forces,  estimated  in  their  mean 
ion,  be  equal  and  opposite  to  the  resisting  forces  esti- 
[  in  their  mean  direction ;  but  alao  that  these  two  di- 
ns may  pass  through  one  point,  otherwise  she  will  be 
?d  as  a  log  of  wood  is  when  pushed  in  opposite  diree- 
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ttons  by  two  foiioes,  which  are  equal  indeed,  but  axe  appGed 
to  different  parts  of  the  log.  A  ship  must  be  conaidemla 
a  lever  acted  on  in  different  parts  by  foreea  in  diffeient  dino- 
tions,  and  the  whole  balancing  each  other  round  that  pcot 
or  axis  where  the  equivalent  of  all  the  resiating  forces  pmtL 
This  may  he  ooosidered  as  a  point  supported  by  thb  resil- 
ing force,  and  as  a  sort  of  fulcrum :  therefore^  in  ord^  that 
Ihe^'ship  may  maintain  her  po8Jtion«  the  enei:giea  or  wumaU 
of  all  the  impelling  forces  round  this  point  muat  balaace 
each  other. 

469.  When  a  ship  suls  right  afoie  Ibe  wind,  with  her 
yards  square,  it  is  evident  that  the  impulsea  on  each  side  cf 
(he  keel  are  equal,  as  also  their  mechanical  wnamenia  louod 
any  axis  passing  perpendicularly  through  the  keel.     So  are 
.  the  actions  of  the  water  on  her  bows.     But  when  abe  sub 
on  an  oUique  course,  with  her  yards  braced  up  on  other 
side,  she  sustains  a  pressure  in  the  direction  CI  ^late  X. 
fig.  5.)  perpendicular  to  the  siul.     This,  by  giving  ber  a  la- 
terahpressure  LI,  as  well  as  a  pressure  CL  ahead^  causes  her 
to  make  leeway,  and  to  move  in  a  line  C  b  inclined  to  CB. 
By  this  means  the  balance  of  action  on  the  two  bowa  is  de- 
stroyed ;  the  general  impulse  on  the  lee-bow  is  increased ; 
and  that  on  the  weather-bow  is  diminished.   Tbe  combined 
impulse  is  therefore  no  longer  in  the  direction  BC^  but  (in 
the  state  of  uniform  motion)  in  the  direction  IC. 

Suppose  that  in  an  instant  the  whole  sails  are  annihilated, 
and  the  impelling  pressure  CI,  which  precisely  balanced  the 
resisting  pressure  on  the  bows,  removed.  The  ship  tends 
by  her  inertia,  to  proceed  in  the  direction  C  A.  This  ten- 
dency produces  a  continuation  of  the  resistance  in  tlie  oppo- 
site direction  IC,  which  is  not  directly  opposed  to  the  ten- 
dency of  the  ship  in  the  direction  C  b  ;  therefore  the  ship*s 
head  would  immediately  come  up  to  the  wind.  The  expe- 
rienced seaman  will  recollect  something  like  this  when  tbe 
sails  are  suddenly  lowered  when  coming  to  anchor.  It  does 
not  happen  solely  from  the  obliquity  of  the  action  on  the 


\ 
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bows :  It  would  happen  to  the  paraUelqHped  oF  Plate  X.  fig. 
2.  which  was  sustainiiig  a  lateral  impulsion  B.sin-*  x^  and  a 
direct  impulnon  A'cps.'  x.  These  are  continued  for  a  mo- 
ment after  the  annihilation  of  the  sail ;  but  being  no  longer 
opposed  by  a  Sarce  in  the  direction  CD,  but  by  a  force  in  the 
direction  C  6,  the  force  B*sin.'  x  must  prevail,  and  the  body 
is  not  only  retarded  in  its  motion,  but  its  head  turns  towards 
the  wind.  *  But  this  effect  of  the  leeway  is  greatly  increased 
by  the  curved  form  of  the  ship^s  bows.  This  occasions  the 
centre  of  effort  of  all  the  impulsions  of  the  water  <»i  the  lee 
side  of  the  ship  to  be  very  far  forward,  and  this  so  much  the 
mcNre  remarkably  as  she  is  sharper  afcnre.  It  b  in  general 
not  much  abaft  the  foremast  Now  the  centre  of  the  ship^s 
tendency  to  continue  her  motion  is  the  same  with  her  centre 
jof  gravity,  and  this  is  generally  but  a  little  before  the  main- 
laast  She  is  therefore  in  the  same  condition  nearly  as  if 
she  were. pushed  at  the  mainmast  in  a  direction  parallel  to 
C  bj  and  at  the  foremast  by  a  force  parallel  to  IC.  The 
evident  consequence  of  this  is  a  tendency  to  come  op  to  the 
ivind.  This  is  independent  of  all  situation  of  the  sails,  pro- 
.vided  only  that  they  have  been  trimmed  obliquely. 

460  This  tendency  of  the  ship^s  head  to  windward  is  cal- 
led 6RI7ING  in  the  seaman's  language,  and  is  greatest  in  ships 
which  are  sharp  forward,  as  we  have  said  already.  This 
wcumstance  is  easily  understood.  Whatever  is  the  direc- 
tion of  the  ship^s  motion,  the  absolute  impulse  cm  that  part 
of  the  bow  immediately  contiguous  to  B  is  perpendicular 
to  that  very  part  of  the  surface.  The  more  acute,  there- 
fore, that  the  angle  of  the  bow  is,  the  more  will  the  im- 
pulse on  that  part  be  perpendicular  to  the  keel,  and  the 
greater  will  be  its  energy  to  turn  the  head  to  windward. 

461.  Thus  we  are  enabled  to  understand  or  to  see  the 
propriety  of  the  disposition  of  the  sails  of  a  ship.  We  see 
her  crouded  with  sails  forward,  and  even  many  sails  extend- 
ed far  before  her  bow,  such  as  the  spritsail,  the  bowsprit  top- 
sail, the  fore-topmast  staysail,  the  jib^  and  flying  jib.    The 
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sails  abaft  are  comparatively  smallor.     The  sails  on  tiie  m- 
zenmast  are  much  smaller  than  those  on  the  foremast    AB 
the  staysails  hoisted  on  the  mainmast  may  be  consdered  as 
headsails,  because  their  centres  of  effort  are  oonsideiahly  be- 
fore the  centre  of  gravity  of  the  ship ;  and  notwithstamfiiig 
this  disposition,  it  generally  requires  a  small  action  of  the 
rudder  to  counteract  the  windward  tenden^  of  the  lee- 
bow.     This  is  considered  as  a  good  quality  when  Bod&> 
rate;    because  it  enables  the  seaman  to  throw  the  saili 
aback,  and  stop  the  ship^s  way  in  a  moment,  if  she  be  ia 
danger  from  any  thing  ahead;  and  the  ship  which  does 
not  carry  a  little  of  a  weather  helm,  is  always  a  duJi  sailer. 
462.  In  order  to  judge  somewhat  more  accurately  (£  the 
action  of  the  water  and  sails,  suppose  the  ship  AB  (Plate 
X.  fig.  9.)  to  have  its  sails  on  the  mizenmast  D,  the  main- 
mast  £,  and  foremast  F,  braced  up  or  trimmed,  idike,  and 
tliat  the  three  lines  D  ^  £  e,  F^  perpendicuhr  to  the  sath^ 
are  in  the  proportion  of  the  impulses  on  the  suk.    The 
ship  is  driven  ahead  and  to  leeward,  and  moves  in  the  path 
a  C  b.    This  path  is  so  inclined  to  the  line  of  the  keel,  that 
the  medium  direction  of  the  resistance  of  the  water  is  paral- 
lel to  the  direction  of  the  impulse.     A  line  CI  may  bedrawn 
parallel  to  the  lines  D  t,  E  e,  F  /,  and  equal  to  their  sum : 
and  it  may  be  drawn  from  such  a  point  C,  that  the  actions 
on  all  the  parts  of  the  hull  between  C  and  B  may  balance 
the  momenta  of  all  the  actions  on  the  hull  between  Cand  A 
This  point  may  justly  be  called  the  centre  of  effort^  or  the 
centre  of  reststance.     We  cannot  determine  this  point  for 
want  of  a  proper  theory  of  the  resistance  of  fluids.     Nay,  al- 
though experiments  like  those  of  the  Parisian  academy 
should  give  us  the  most  perfect  knowledge  of  the  intensity 
of  the  oblique  impulses  on  a  square  foot,  we  should  hardly 
be  benefited  by  them,  for  the  action  of  the  water  on  a  square 
foot  of  the  hull  at  p,  for  instance,  is  so  modified  by  the  in- 
tervention of  the  stream  of  water  which  has  struck  the  bull 
about  B,  and  glided  along  the  bow  B  op,  that  thepressiot 
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on  p  18  totally  different  from  what  it  would  have  been  were 
it  a  square  ibpt  or  surface  detached  from  the  rest,  and  pre- 
sented in  the  same  portion  to  the  water  moving  in  the  direc* 
tion  b  C.  for  it  is  found,  that  the  resistances  given  to 
planes  joined  so  as  to  form  a  wedge,  or  to  curved  surfaces, 
are  widely  different  from  the  accumulated  resistances,  calcu- 
lated for  their  separate  parts,  agreeably  to  the  experiments 
of  the  academy  on  npgle  surfaces.  We  therefore  do  not 
attempt  to  ascertain  the  point  C  by  theory ;  but  it  may  be 
accurately  determined  by  the  experiments  which  we  have  so 
strongly  recommended ;  and  we  offer  this  as  an  additional 
inducement  for  prosecuting  them. 

463.  Draw  through  C  a  line  perpendicular  to  CI,  that  is, 
parallel  to  the  sails ;  and  let  the  lines  of  impulse  of  the  three 
sails  cut  it  in  the  pdnts  t,  k,  and  m.  Thb  line  im  may  be 
considered  as  a  lever,  moveable  round  C,  and  acted  on  at 
the  points  t,  /r,  and  m,  by  three  forces.  The  rotatory  mo- 
mentum of  the  sails  on  the  mizenmast  is  D  t  X  t  C ;  that  of 
the  sails  on  the  mainmast  is  £  e  X  /r  C ;  and  the  momentum 
of  the  sails  on  the  foremast  is  F/  X  si  C.  The  two  first 
tend  to  press  forward  the  arm  C  t,  and  then  to  turn  the  ship^s 
head  towards  the  wind.  The  action  of  the  sails  ob  the  fore- 
mast tends  to  puU  the  arm  C  si  forward,  and  produce  a  con* 
trary  rotation.  If  the  ship  under  these  three  sails  keeps 
steadily  in  her  course,  without  the  aid  of  the  rudder,  we 
must  have  DixiC  +  EcXAC  =  F/  x  m  C.  This 
is  very  possible,  and  is  often  seen  in  a  ship  under  her 
mizen-topsail,  main-topsail,  and  fore-topsail,  all  parallel  to 
one  another,  and  their  surfaces  duly  proportioned  by  reefing. 
If  more  sails  are  set,  we  must  always  have  a  similar  equili- 
brium. A  certain  number  of  them  will  have  their  efforts 
directed  from  the  larboard  arm  of  the  lever  t  m  lying  to  lee- 
ward of  CI,  and  a  certain  number  will  have  th^  efforts  di- 
rected from  the  starboard  arm  lying  to  windward  of  CI.  The 
sum  of  the  products  of  each  of  the  first  set,  by  their  distances 
from  C,  must  be  equal  to  the  sum  of  the  similar  products  of 
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ly  moveneaC  BBj  be  tfiieciieed.  mm  eayfcuMdr  oy  theg  i 
Thk  wiU grcfllly  nqplify  oar  fotore diaeiHBoam.  WeiUI 
therefore  eoppote  in  future  diaft  there  mtm  tmkf  the  thm 
topenk  set,  end  diaft  their  soifiKsei  en  so  adjaalfld  fay  mfc 
jflg^  that  their  actions  exacdy  bahuiee  each  odwrraind  Ait 
point  C  of  the  middle  fine  AB»  where  the  actBooe  of  ik 
water  on  the  different  parts  of  her  bottami  in  fike  BMnan 
balanoe  eadi  other.  This  point  C  nny  be  dMheutly  m- 
tuated  in  the  ship  acoondii^  to  the  leeway  ahe  maho^  ds* 
pending  on  the  trim  of  the  seils ;  and  theaidbae  nhhoo^  s 
ootain  proportion  of  the  three  snifiwes  may  *"^^—***  eadi 
eAer  in  one  state  of  leeway^  they  majr  happen  not  to  do  ai 
in  another  state  But  the  equilibrium  is  eridentiy  attsia* 
able  in  erery  esse,  and  we  therefixe  shall  alwag^  awppose  it 
464k  It  must  now  he  obsarred,  that  when  tUa  eqaft> 
brium  is  destroyed,  as,  for  example^  by  turmng  die  adgecf 
the  miae»4opsail  to  the  wind,  which  the  seamen  call  dUacr- 
vug  the  misen-topmil,  and  whidi  may  be  nonsidnrcd  as  eqni- 
Talent  to  the  remoring  the  nnaen-topsttl  entirely,  it  does  not 
follow  that  the  ship  wiU  turn  round  the  point  C,  tins  psint 
remaining  fixed.  The  ship  must  be  oonadersd  as  a  hm 
body,  still  acted  on  by  a  number  of  forces,  which  no  hai^ 
balance  each  other ;  and  she  must  therefore  htgm  to  tuia 
round  a  spontaneous  axis  of  conversion,  whidi  must  be  de- 
termined  in  the  way  set  forth  in  the  article  Rotation.  It 
is  of  importance  to  point  out  in  general  where  this  axis  is  si- 
tuated. Therefore  let  G  (Plate  X.  fig.  10.)  be  the  centre 
of  gravity  of  the  ship.  Draw  the  line  qGv  parallel  to  the 
yards,  cutting  D  d  in  jf,  £  e  in  r,  CI  in  t,  and  V  f  in  v. 
While  the  three  sails  are  set,  the  line  q  v  may  be  conadered 
as  a  lever  acted  on  by  four  forces,  ru.  D  dy  impelling  the 
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lever  forward  perpendicularly  in  the  point  q;  E  e,  impel- 
ling k  forward  in  the  point  r;  Ff^  impelling  it  forward  iu 
the  point  v ;  and  CI,  impelling  it  backward  in  the  point  f. 
These  forces  balance  each  other  both  in  respect  of  progres- 
sive modon  and  of  rotatory  energy ;  for  CI  was  taken  equal 
to  the  sum  of  Dd^  Ee,  and  F/;  so  that  no  acceleration 
or  retardation  of  the  ship^s  progress  in  her  course  is  sup- 
posed. 

But  by  taking  away  the  mizen-topsidli  both  the  equili- 
briums are  destroyed.  A  part  D  d  of  the  accelerating  force 
is  taken  away ;  and  yet  the  ship,  by  her  inertia  or  inherent 
force,  tends,  for  a  moment,  to  proceed  in  the  direction  Cfy 
with  her  former  velocity ;  and  by  this  tendency  exerts  for  a 
moment  the  same  pressure  CI  on  die  water,  and  sustains 
the  same  resistance  IC.  She  must  therefore  be  retarded  in 
her  motion  fay  the  excess  of  the  resistance  IC  over  the  re- 
maining impelling  forces  E  e  and  Ff,  that  is,  by  a  force 
equal  and  opposite  to  D  d.  She  will  therefore  be  retarded 
in  the  same  manner  as  if  the  mizen-topsail  were  still  set, 
and  a  force  eqtial  and  opposite  to  its  action  were  applied  to 
6  the  centre  of  grarvity,  and  she  would  soon  acquire  a  smal- 
ler velocity,  which  would  again  bring  all  things  into  equili- 
brium r  and  she  would  stand  on  in  the  same  course,  with- 
out changing  either  her  leeway  or  the  position  of  her  head. 

Bat  the  equilibrium  of  the  lever  is  also  destroyed.  It  is 
now  acted  on  by  three  forces  only,  tnijr.  E  e  and  F^  impel- 
ling it  forward  in  the  points  r  and  «,  and  IC  impelling  it 
backward  in  the  point  f.  Make  rc:ro  =  Ee+  F/:  F^ 
Imd  make  o  p  parallel  to  CI  and  equal  to  E  e  4.  F/.  Then 
we  knpw,  from  the  common  principles  of  mechanics,  that  the 
force  0  p  acting  at  0  will  have  the  saiiie  momentum  or  ener- 
gy to  turn  the  lever  round  any  point  whatever  as  the  two 
forces  E  e  and  F/ applied  at  r  and  v ;  and  now  the  lever  is 
acted  on  by  two  forces,  viz.  IC,  urging  it  backwards  in  the 
point  f,  and  op  urging  it  forwards  in  the  point  0.  tt  must 
therefore  turn  round  like  a  floating  log,  which  gets  two 
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Uows  in  opposite  directioiiB.    If  we  now.  nuJce  IC  — 

i'^'i  :oji  =  lo:l«,  orIC— -oji:ICsto:6«,  and  applj 

I  the  point «  a  force  equal  to  IC  — -  op  in  die  direction  ] 

l*^  -we  know,  by  the  common  prindples of  marhanica^  tfaati 

force  IC  — •  0  ji  will  produce  the  same  rotation  round  i 
point  as  the  two  forces  IC  and  op  ajqfdied  in  their  pro 
directions  at  t  and  o.  Let  us  examine  the  situation  at 
point  X. 

The  force  IC  —  o  p  is  evidently  =  D  d»  and  o  p  is  = ! 

;f  F/.     Therefore  ot:tx:=zDdiop.    But  because^  wl 

!  ^ '  all  the  9B\h  were  filled,  there  was-an  equilibrium  round 

j}:^  and  therefore  round  <,  and  because  the  force  o  p  acting  i 

^J^  is  equivalent  to  £  e  and  F^ actingat  r  and  v,  we  must  i 

•''^''  have  the  equilibrium ;  and  therefore  we  have  the  jnom 

tum  D  d  xqt:=op  xot.    Therefixe  otit  q=zlid:i 
and  tqz^tx.    Therefore  the  point  x  is  the  same  with 
{  point  q. 

465.  Therefore,  when  we  shiver  the  mizen-topaail,  the 
tation  of  the  ship  is  the  same  as  if  the  ship  were  at  rest,  t 
a  fierce  equal  and  oppoute  to  the  action  of  the  miam-l 
sail  were  applied  at  f  or  at  D,  or  at  any  point  in  the  ] 
Dj. 

This  might  have  been  shown  in  anc^er  and  shorter  w 
Suppose  alt  sails  filled,  the  ship  is  in  equilibrio.  This  i 
be  duturbed  by  applying  to  D  a  force  opposite  to  D  <I ;  i 
if  the  force  be  also  equal  to  D  d,  it  is  evident  that  these  t 
forces  destroy  each  other,  and  that  this  application  of  1 
fon%  d  D  is  equivalent  to  the  taking  away  of  the  miaen-tc 
s^l.  But  we  chose  to  give  the  whole  mechanical  invesUj 
tion  ;  because  it  gave  us  an  opportunity  of  pointing  out 
the  reader,  in  a  case  of  very  easy  comprehension,  the  prec 
manner  in  which  the  ship  is  acted  on  by  the  different  ss 
and  by  the  water,  and  what  share  each  of  them  has  in  t 
motion  ultimately  produced.  We  shall  not  repeat  this  ms 
ner  of  procedure  in  other  cases,  because  a  little  reflection  < 
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the  part  of  the  reader  will  now  enable  bim  to  trace  the  mo' 
4ue  optnmH  through  all  its  steps. 

We  now  see  that,  in  respect  both  of  progressive  motion 
and  of  convention,  the  ship  i^  affected' by  shivering  the  sail 
Dy  in  the  same  manner  as  if  a  force  equal  and  opposite  to 
D  d  were  applied  at  D,  or  at  any  point  in  the  line  D  d.  We 
must  now  have  recourse  to  the  principles  of  rotatory  moUon. 

Let  p  represent  a  particle  of  matte)*,  r  its  radius  vector, 
or  its  distance  p  G  from  an  axis  passing  through  the  centre 
of  gravity  6,  and  let  M  represent  the  whole  quantity  of 
matter  of  the  ship.     Then  its  momentum  of  inertia  is  =: 

J  p.r^  (See  Rotation).     The  ship,  impelled  in  the  point 

D  by  a  force  in  the  direction  dD,  will  begin  to  turn  round 
a  spontaneous  vertical  axis,  passing  through  a  point  S  of 
the  line  q  G,  which  is  drawn  through  the  centre  of  gravity 
G,  perpendicular  to  the  direction  d!D  of  the  external  force, 
and  the  distance  GS  of  this  axis  from  the  centre  of  gravity 

.   _  /p.r* 

'^  — •^-— — (see  Rotation,)  and  it  is  taken  on  the  opposite 
M'ug  . 

side  of  G  from  9,  that  is,  S  and  q  are  on  opposite  sides 

ofG. 

Let  us  express  the  external  force  by  the  symbol  F.  It 
is  equivalent  to  a  certain  number  of  pounds,  being  the  pres- 
sure of  the  wind  moving  with  the  velocity  V  and  inclination 
a  on  the  surface  of  the  sail  D ;  and  may  therefore  be  com- 
puted either  by  the  theoretical  or  experimental  law  of  ob- 
lique impulses.  Having  obtained  this,  we  can  ascertain  the 
angular  velocity  of  the  rotation  and  the  absolute  velocity  of 
any  given  point  of  the  ship  by  means  of  the  theorems  es- 
tablished under  Rotation. 

466.  But  before  we  proceed  to  this  investigation,  we  shall 
consider  the  action  of  the  rudder,  which  operates  precisely 
in  the  same  manner.  Let  the  ship  AB  (Plate  X.  fig.  11.) 
have  her  rudder  in  the  position  AD,  the  helm  being  hard 
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m-surboud,  wUle  tba  dup  aSi^f  on  Che  itiiboiid  todi^ 
and  maldiig  leeway,  keeps  OB  the  COMTB  a  A.     TbelteMC- 
fiioe  of  the  rudder  meeU  thi^  walar  ofdiquel j.    The  fcrf 
loot  of  the  rudder  flM»U  it  in  tha  directioo  DEpmBdto 
ai.    The  perU  farther  up  niaet  k  with  varioua^obliipnis 
and  with  varioua  velocities,  as  it  g)ide«iQuiid  thabottonrf 
the  ship  and  iab  into  the  wake.    It  ja  abeoltttdy  iMpnMi 
hie  to  cslculafe  th^  aetaninlated  iaqpulae,     WeshsUaotbe 
fiff  mistaken  in  the  deflection  of  caah  contiguous  fihawal^ 
as  it  quiu  the  bottom  and  glides  ak^g  the  rudder;  but  ee 
neither  know  the  vekxaty  of  these  fibmenta,  nor  the  deflec- 
tion and  velocitj  of  the  fihunentsgUcfing  without  tbem.  We 
therefore  imagine  that  all  computations  on  this  suoject  are 
in  Tsin.    But  it  is  enough  ibr  our  purpoae  that  we  know 
the  direction  of  the  abeoluie  pressure  which  thcj  esertoa 
its  surfiKe.    It  is  in  the  direction  D  if  peipendicnlsr  to 
that  surfine.    We  also  may  be  confident  that  this  prenure 
is  Terjr  oomidersble,  in  proportion  to  the  action  of  the  ws- 
ter  on  the  ship^s  bows,  or  of  the  wind  on  the  saib ;  snd  we 
may  suppose  it  to  be  nearly  in  the  proportion  of  the  squsre 
of  the  velocity  of  the  ship  in  her  course ;  but  we  cannot  if- 
firm  it  to  be  accurately  in  that  proportion,  for  reasoos  that 
will  readily  occur  to  one  who  considers  the  way  in  wfaich 
the  water  falls  in  behind  the  ship. 

467.  It  is  observed,  however,  that  a  fine  sailer  slways 
steers  well,  and  tliat  all  movements  by  means  of  the  rudder 
are  performed  with  great  rapidity  when  the  Telocity  of  the 
ship  is  great     We  shall  see  by  and  by,  that  the  qieed  with 
which  the  ship  performs  the  angular  movements  is  in  the 
proportion  of  her  progressive  velocity :   For  we  shell  see 
that  the  squares  of  the  times  of  performing  the  evdutxm 
are  as  the  impulses  inversely,  which  are  as  the  squares  of 
the  velocities.     There  is  perhaps  no  force  which  acts  on  a 
ship  tliat  can  be  more  accurately  determined  by  experiment 
than  this.     Let  the  ship  ride  in  a  stream  or  tideway  whose 
velocity  is  accurately  measured ;  and  let  her  ride  fiom  two 
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mooriiigSi  bo  that  her  bow  may  be  a  fixed  point  Let  a 
small  tow-line  be  laid  out  from  her  stern  or  quarter  at  nght 
angles  to  the  Iteel,  and  connected  with  some  apparatus  fit- 
led  up  on  shore  or  on  board  another  ship,  by  which  the 
strain  on  it  may  be  accurately  tneasured ;  a  person  convers- 
ant with  mechanics  will  see  many  ways  in  which  this  can  be 
done.  Perhaps  the  following  may  be  as  good  as  any :  Lei 
the  end  of  the  tow4ine  be  fixed  to  some  point  as  high  o»t 
of  the  water  as  the  point  of  the  ship  from  which  it  is  given 
out,  and  let  this  be  very  high.  Let  a  block  with  a  book  be 
on  the  rope,  and  a  considerable  weight  hung  on  this  hook. 
Things  bemg  thus  prepared,  put  down  the  hehn  to  a  cer* 
tain  angle,  so  as  to  cause  the  ship  to  sheer  off  from  the  point 
to  which  the  far  end  of  the  tow-line  is  attached.  This  will 
stretch  the  rope,  and  rmse  the  weight  out  of  the  water. 
Now  heave  upon  the  rope,  to  bring  the  ship  back  again  to 
her  former  poiution,  with  her  keel  in  the  direction  of  the 
stream.  When  this  position  is  attained,  note  carefully  the 
form  of  the  rope,  that  is,  the  angle  which  its  two  parts  make 
with  the  horizon.  Call  this  angle  a.  Every  person  ac- 
quainted with  these  subjects  knows  that  the  horizontal  strain 
is  equal  to  half  the  weight  multiplied  by  the  cotangent  of 
o,  or  that  ^  is  to  the  cotangent  of  a  as  the  waght  to  the  ho- 
rizontal strain.  Now  it  is  this  strain  which  balances  and 
therefore  measures  the  action  of  the  rudder,  or  D  e  in  Plate 
X.  fig.  11.  Therefore,  to  have  the  absolute  impulse  D  d, 
we  must  increase  D  e  in  the  proportion  of  radius  to  the  se- 
cant "of  the  angle  h  which  the  rudder  makes  with  the  keeL 
In  a  great  ship  smling^  six  miles  in  an  hour,  the  impulse  on 
the  rudder  inclined  30^  to  the  keel  is  not  less  than  3000 
pounds.  The  surface  of  the  rudder  of  such  a  ship  contains 
near  80  square  feet.  It  is  not,  however,  very  necessary  to 
know  this  absolute  impulse  D  d,  because  it  is  its  part  D  e 
alone  which  measures  the  energy  of  the  rudder  in  produc- 
ing a  conversion.  Such  experiments,  made  with  various 
positions  of  the  ruddei::,  will  ^ve  its  energies  curresp^aidiBg 
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to  these  pontknia,  and  will  settle  that  long  dupaled  point 
which  is  the  best  position  for  turning  a  ship.  Ctai  the  hypo> 
theus  that  the  impulsions  of  fluids  are  in  the  duplicate  rs- 
tio  of  the  sines  of  incidence,  there  can  be  no  doubt  that  it 
should  make  an  angle  of  54^  44'  with  the  keeL  But  the 
form  of  a  large  ship  will  not  admit  of  this,  because  a  tiller 
of  a  length  sufficient  for  managing  the  rudder  in  sailing  with 
great  velocity  has  not  niom  to  deviate  above  90*  from  the 
direction  of  the  keel ;  and  in  this  positbn  of  the  rudder  the 
mean  obliquity  of  the  filaments  of  water  to  its  surfacse  can- 
not exceed  40^  or  45^  A  greater  angle  would  not  be  of 
much  service,  for  it  is  never  for  want  of  a  proper  obliquity 
that  the  rudder  fails  of  producing  a  conversion. 

468.  A  ship  misses  stays  in  rough  weather  for  want  of  a 
suffident  progressive  velocity,  and  because  her  bows  are 
beat  off  by  the  waves ;  and  there  is  seldom  any  difficulty  in 
wearing  the  ship,  if  she  has  any  progressive  motion.     It  is, 
however,  always  desirable  to  give  the  rudder  as  much  in* 
fiuence  as  possible.     Its  surface  should  be  enlarged  (espe- 
cially below)  as  much  as  can  be  done  conmstentlj  with  its 
strength  and  with  the  power  of  the  steersmen  to  manage  it ; 
and  it  should  be  put  in  the  most  favourable  situation  for  the 
water  to  get  at  it  with  great  velocity  ;   and  it  should  be 
placed  as  far  from  the  axis  of  the  ship^s  motion  as  poasiUe. 
These  points  are  obtained  by  making  the  stem-post  very 
upright,  as  has  always  been  done  in  the  French  dock-yards. 
The  British  ships  have  a  much  greater  rake ;  but  our  build- 
ers arc  gradually  adopting  the  French  forms,  experience  hav- 
ing taught  U8  that  their  ships,  when  in  our  possession,  are 
much  more  obedient  to  the  helm  than  our  own.— In  order 
to  ascertain  the  motion  produced  by  the  action  of  the  rud- 
der, draw  from  the  centre  of  gravity  a  line  G  q  perpendicu* 
lar  to  D  <2  (D  d  l)eing  drawn  through  the  centre  of  effort  of 
the  rudder.)     Then,  as  in  the  consideration  of  the  action 
of  the  sails,  we  may  conceive  the  line  9  G  as  a  lever  con- 
nected with  the  ship,  and  impelled  by  a  force  D  d  acting 
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perpendicularly  at  q.  The  consequence  of  this  will  be,  an 
incipient  conversion  of  the  ship  about  a  vertical  axis  passing 
through  some  point  S  in  the  line  q  6,  lying  on  the  other 
side  of  6  from  q ;  and  we  have,  as  in  the  former  case,  GS 

=j  p' 

469.  Thus  the  action  and  effects  of  the  sails  and  of  the  rud- 
der  are  perfectly  similar^  and  are  to  be  considered  in  the  same 
manner.  We  see  that  the  action  of  the  rudder,  though  of 
a  small  surface  in  comparison  of  the  sails,  must  be  very  great: 
For  the  impulse  of  water  is  many  hundred  times  greater  than 
that  of  the  wind  ;  and  the  arm  ^  6  of  the  lever,  by  which  it 
acts,  b  incomparably  greater  than  that  by  which  any  of  the 
impulsions  on  the  sails  produces  its  effect ;  accordingly  the 
ship  yields  much  more  rapidly  to  its  action  than  she  does  to 
the  lateral  impulse  of  a  sail. 

Observe  here,  that  if  G  were  a  fixed  or  supported  axis,  it 
would  be  the  same  thing  whether  the  absolute  force  D  d  of 
the  rudder  acts  in  the  direction  D  <f,  or  its  transverse  part 
D  e  acts  in  the  direction  D  f,  both  would  produce  the  same 
rotation ;  but  it  is  not  30  in  a  free  body.  The  force  D  d 
both  tends  to  retard  the  ship's  motion  and  to  produce  a  ro- 
tation :  It  retards  it  as  much  as  if  the  same  force  D  d  had 
been  in^mediately  applied  to  the  centre.  And  thus  the  real 
motion  of  the  ship  is  compounded  of  a  motion  of  the  centre 
in  a  direction  parallel  to  D  cf,  and  of  a  motion  round  the 
centre.     These  two  constitute  the  motion  round  S. 

470.  As  the  effects  of  the  action  of  the  rudder  are  both 
more  remarkable  and  somewhat  more  simple  than  those  of 
the  sails,  we  shall  employ  them  as  an  example  of  the  mecha- 
nism of  the  motions  of  conversion  in  general ;  and  as  we  roust 
content  ourselves  in  a  work  like  this  with  what  is  very  ge- 
neral, we  shall  simplify  the  investigation  by  attending  only 
to  the  motion  of  conversion.  We  can  get  an  accurate  notion 
•f  the  whole  motion,  if  wanted  for  any  purpose,  by  cOmbin- 
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ing the  progrciBhre or  retrograde nwtm  to  Dd  with 

the  motioD  of  rotation  which  we  are  aboat  to  dcteraioc. 
In  this  caae,  then,  we  obierTe,  in  the  firat  plaee^  that  die 

ailgidar  velodty  (nee  Rotatiox,)  is  /^  ;   and,  as  wis 

shown  in  that  article,  this  velocity  of'rotatKm  increaaes  in  the 
proportion  of  the  time  of  the  forces  uniform  action,  and  the 
rotation  would  be  uniformly  accelerated  if  the  foreesdid  reaDy 
act  uniformly.  This,  however,  cannot  be  the  caae^  be- 
cause, by  the  ship^s  change  of  jxisition  and  cshange  of  pro- 
gressive velodty,  the  direction  jsnd  intenuty  of  the  impelling 
force  is  continually  changing.  But  if  two  shipa  are  perfbrm- 
ing  nmilar  evolutions,  it  is  obvious  that  the  cliangea  of  Ibroe 
are  amilar  in  similar  parts  of  the  evolution.  Therefore  die 
connderation  of  the  momentary  evolution  is  auffioenl  fijr 
enabling  us  to  compare  the  motions  of  ships  actuated  by  a- 
milar  forces,  irfiich  is  all  we  liave  in  \dew  at  present. 

The  velocity  v,  generated  in  any  time  t  by  the  continu- 
ance of  an  invariable  momentary  acceleration  (which  is  all 
that  we  mean  by  saying  that  it  is  produced  by  the  action  of 
a  constant  accelerating  force,)  is  as  the  acceleration  and  the 
time  joindy.  Now  what  we  call  the  angnlar  t?€tocAy  is  no- 
thing but  this  momentary  acceleration.     Thereibre  the  ve- 

kdty  o  ffenerated  in  the  time  Ms  =  /•       '* 

Jpr* 

471.  The  expression  of  the  angular  velodty  is  also  the  ex- 
presion  of  the  velocity  r  of  a  point  situated  at  the  distance  1 
from  the  axis  G. 

"Let  z  be  the  space  or  arch  of  revolution  described  in  the 
the  time  (  by  this  point,  whose  distance  from  G  is  =  1. 

F     qG    ' 

Then  z=iv  t=z   /*         ^^»  and   taking   the   fluent   *  = 

Jpr* 

F-^G 

( s.    This  arch  measures  the  whole  angle  of  rotation 


/- 


pr* 


8BAMA1I8HI?.  663 

accomplisbed  in  the  time  t    These  are  therefore  as  the 
squares  of  the  times  from  the  beginning  of  the  rotation. 

•Those  evolutions  are  equal  which  are  measured  by  equal 
arches.  Thus  two  motions  of  45  degrees  each  are  equal. 
Therefore  because  z  is  the   same  in  both,  the  qnantitjr 

^'  is  a  constant  quantity,  and  t^  is  reciprocally  pro- 


^ 


F-qG                                   f  ^j 
porttoiial  to  ■"?»      ,  or  is  proportional  to</ "  »  *•"*  *  '^ 

proportional  to  J  ^     .    That  is  to  say,  the  times  of  the  w^ 

milar  evolutions  of  two  ships  are  as  the  square  root  of  the 
momentum  of  inertia  directly,  ai|d  as  the  square  root  of  the 
momentum  of  the  rudder  or  sail  inversely.  This  will  en- 
able us  to  make  the  comparison  easily.  Let  us  suppose  the 
ships  perfectly  similar  in  form  and  rigging,  and  to  differ  only 

in  length  L  and  h  fP  •  R*  is  to /|> r*as  L*  to  l\   For 

the  similar  particles  P  and  p  contain  quantities  of  matter 
^hich  are  as  the  cubes  of  their  lineal  dimensions,  that  is,  as 
L  '  to  Z^  And  because  the  particles  are  similarly  situated, 
RMstor^asL'  tol\  Therefore  P •  R' : ;i  r  »=:L*: 
l\  Now  P  is  to/as  L^  to  l^.  For  the  surfaces  of  the  si- 
milar rudders  or  sails  are  as  the  squares  of  their  lineal  di- 
mensions, that  is,  as  L'  to  /'.  And,  lastly,  6  f  is  to  g*  ^  as 
L  to  /,  and  therefore  F  -Gq  if-  gq  =  JJ:P.     Therefore 

we  have  T' :  t'=Vr(J^:  Tl^=  L'=  7T=l'*:/%and 

T:  t  =  L:L 

472.  Therefore  the  times  of  performing  similar  evolutions 
with  amilar  ships  are  proportional  to  the  lengths  of  the  ships 
when  both  are  sailing  equally  fast ;  and  since  the  evolutions 
are  similar,  and  tiie  forces  vary  similarly  in  their  different 
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parts,  what  is  here  demonstrated  of  the  smallest  indpigBi 
evolutions  is  true  of  the  whole.  They  therefore  not  011I7 
describe  equal  angles  of  revolution,  but  also  similar  curves. 

A  small  ship,  therefore,  works  in  less  time  and  in  Im 
room  than  a  great  ship,  and  this  in  the  proportion  of  iti 
length.  This  is  a  great  advantage  in  all  cases,  particularly 
in  wearing^  in  order  to  sail  on  the  other  tack  close-hauled. 
In  this  case  she  will  always  be  to  windward  and  ahead  of  the 
large  ship,  when  both  are  got  on  the  other  tack.  It  would 
appear  at  first  sight  that  the  large  ship  will  have  the  advai^ 
tage  in  tacking.  Indeed  the  large  ship  is  farther  to  wind- 
ward when  again  trimmed  on  the  other  tack  than  the  small 
ship  when  she  is  just  trimmed  on  the  other  tack.  But  this 
happened  before  the  large  ship  had  completed  her  evolution, 
and  the  small  sliip,  in  the  mean  time,  has  been  going  for- 
ward on  the  other  tack,  and  going  to  windward.  She  will 
therefore  be  before  the  large  ship^s  beam,  and  perhaps  as 
fiff  to  windward. 

473.  We  have  seen  that  the  velocity  of  rotatimi  is  propor- 
tional, catena  partbus^  to  F  X  G  9*    F  means  the  absolute 
impulse  on  the  rudder  or  sail,  and  is  always  perpendicular  to 
its  surface.     This  absolute  impulse  on  a  sul  depends  on  the 
obliquity  of  the  wind  to  its  surface.     The  usual  theory  says, 
that  it  is  as  the  square  of  the  sine  of  incidence :  but  we  find 
this  not  true.     We  must  content  ourselves  with  expressing 
it  by  some  as  yet  unknown  function  ^  of  the  angle  of  inci- 
dence a,  and  call  it  ^  a ;  and  if  S  be  the  surface  of  the  saiU 
and  V  the  velcxrity  of  the  wind,  the  absolute  impulse  is  n  V 
S  X  ^  a.     This  acts  (in  the  case  of  tbemizen-topsaii.  Plate 
X.  fig.  10.)  by  the  lever  q  G,  which  is  equal  to  DG  x  cos. 
DG  7,  and  DG  q  is  equal  to  the  angle  of  the  yard  and  keel ; 
which  angle  we  formerly  called  b.     Therefore  its  energy  in 
producing  a  relation  isnV'Sx^aX  DG  X  cos.  b. 
Leaving  out  the  constant  quantities  n,  V%  S,  and  DG,  its 
energy  is  proportional  to  ^  a  X  cos.  b.     In  order,  therefore, 
that  any  sail  may  have  the  greatest  power  to  produce  a  ro« 
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tation  round  6,  it  must  be  so  trimmed  that  ^  a  X  cos.  i 
may  be  a  maximum.  Thus,  if  we  would  trim  the  ^luls  on 
the  foremast,  so  as  to  pay  the  ship  off  from  the  wind  right 
ahead  with  the  greatest  effect,  and  if  we  take  the  experimentf 
of  the  French  academicians  as  proper  measures  of  the  oblique 
impulses  of  the  wind  on  the  sail,  we  will  brace  up  the  yard 
to  an  angle  of  48  degrees  with  the  keel.  The  impulse  cor- 
responding to  48®  is  615,  and  the  cosine  of  48''  is  669.  These 
give  a  product  of  41 1435.  If  we  brace  the  sail  to  54®  44', 
the  angle  assigned  by  the  theory,  the  effective  impulse  it 
405274.  If  we  make  the  angle  45%  the  impulse  is  408774. 
It  appears  then  that  48®  is  preferable  to  eitlier  of  the  others. 
But  the  difference  is  inconsiderable,  as  in  all  cases  of  maxip 
mum  a  small  deviation  from  the  best  position  is  not  very  d^ 
trimental.  But  the  difference  between  the  theory  and  this 
experimental  measure  will  be  very  great  when  the  impulses 
of  the  wind  are  of  necessity  very  oblique.  .  Thus,  in  tacking 
ship,  as  soon  as  the  headsails  are  taken  aback,  they  serve  to 
aid  the  evolution,  as  is  evident :  But  if  we  were  now  to  adopt 
the  maxim  inculcated  by  the  theory,  we  should  immediately 
round  in  the  weather-braces  so  as  to  increase  the  impulse  on 
the  sail,  because  it  is  then  very  small ;  and  although  we  by 
this  means  make  yard  more  square,  and  therefore  diminish 
the  rotatory  momentum  of  this  impulse,  yet  the  impulse  is 
more  increased  (by  the  theory)  than  its  vertical  lever  is  di- 
minished.— Let  us  examine  this  a  little  more  particularly, 
because  it  is  reckoned  one  of  the  nicest  points  of  seamanship 
to  aid  the  ship^s  coming  round  by  means  of  the  headsails ; 
and  experienced  seamen  differ  in  their  practice  in  this 
manoeuvre.  Suppose  the  yard  braced  up  to  40®,  which  is 
as  much  as  can  be  usually  done,  and  that  the  sail  shivers 
(the  bowlines  are  usually  let  go  when  the  helm  is  put  down), 
the  sail  immediately  takes  aback,  and  in  a  moment  we  may 
suppose  an  incidence  of  6  degrees.  The  impulse  correspond- 
ing to  this  is  400  (by  experiment),  and  the  cosine  of  40®  is 
766.     This  gives  306400  for  the  effective  impulse.     To 


pto^eci  aooorfing  to  ibe  theory,  we  dioald  brMe  die  jirf 
to  t0^9  which  would  ghre  the  wind  (now  M^  cm  the  weeAffi 
Imr)  an  incideDoe  of  nearly  90*,  tod  the  seif  n  inrlhMtfint 
nf  80^  to  the  intended  motion,  wludi  if  peipemlicakr  16  Ae 
keel  For  the  tangent  of  Iff  is  about  {}  of  the  teDgfiit  d 
SIK  Let  us  now  see  what  eflfisctiTe  impulse  the  ezpow 
Bcntal  law  of  oblique  impolnons  will  give  for  this  ad^oiC- 
iKnt  of  the  sails.  The  experimental  impulse  for  86*  i«4B0; 
the  come  of  70*  is  940 ;  the  jproduetls  lA^lSQ,  aotmodb 
'eaceedingthe  half  of  the  former.  Nay,  the  impubefer  98*, 
eakitlated  by  the  theory,  would  hare  been  only  ai8»  and  tbs 
elective  impulse  only  1 1SS32.  And  it  must  be  fivther  ob> 
mwf,  that  this  tfieoretical  adjustment  would  tend  gresdy 
todieck  the  evolution,  and  in  most  cases  irouM  entirdiy  mar 
%  by  checking  the  ship*s  motion  ahead,  and  consequent^ 
Vlt  actioQ  of  the  rudder,  which'  is  the  moit  powerful  agent 
te  Ae  evolution ;  for  here  would  be  a  great  impulse  direct- 
ed  almost  astern. 

We  were  justifiable,  therefore,  in  sayhig,  in  the  b^imnng 
of  this  article,  that  a  seaman  would  iVequenily  find  himself 
bttfled  if  he  were  to  work  a  ship  aooording  to  the  mles  de- 
duced from  M.  BougueV^s  work ;  and  we  see  by  this  in> 
stance  of  what  importance  it  is  to  have  the  oblique  impul- 
sions of  fluids  ascertained  experimentally.  The  practice  of 
the  most  experienced  seamen  b  direcdy  the  opposite  to  thb 
theoretical  maxim,  and  its  success  greatly  caofirms  the  use^ 
fulness  of  these  experiments  of  the  academicians  so  often 
praised  by  us. 

We  return  again  to  the  general  consideration  of  the  rotar 

tory  motion.     We  found  the  velocity  v  =  -p .       It  is 

tiierefore  proportional,  cateris  paribusj  to  g  G.  We  have 
seen  in  what  manner  q  G  depends  on  the  position  and  situa* 
tion  of  the  sail  or  rudder  when  the  point  G  \^  fixed.  But  it 
also  depends  on  the  position  of  G.    With  respect  to  the 


tiott  of  the  niddery  it  is  evident  that  it  is  eo  miicli  the  nore 
powerful  as  it  is  more  remote  from  G.  The  distmee  fimm 
O  maj  be  iiicreMed  either  by  moring  the  rodder  fiurtber  aft, 
or  G  farther  forward.  And  as  it  is  of  the  utmost  importaaoe 
that  a  ship  answer  her  hekn  with  the  greatest  pKMnptituda^ 
those  Gircumstanees  hafe*  been  attended  to  wbpd^  distin- 
guished fine  steering  ships  from  such  as  had  not  this  quali- 
^ ;  and  it  is  hi  a  great  measure  to  be  ascribed  to  this^  thai, 
in  the  gradual  inint^yeaient  of  naval  arclntecture,  the  oentin 
of  gravity  has  been  placed  far  forward.  Perhaps  the  nodim 
rf  a  centre  ct  gravity  did  not  come  into  the  thoughts  of  the 
rude  buildars  in  early  times ;  but  they  observed  that  these 
boats  and  ships  steered  best  wbich  had  their  extreme  breadth 
before  the  middle  point,  and  con^uently  the  bows  not  so 
acute  as  the  stem.  This  is  so  ossitrary  to  whaf  one  would 
expect,  Aat  it  attracted  attention  more  forcibly ;  and*  being 
somewhat  mysterious,  it  might  promjpt  to  attempts  of  im- 
provement, by  exceeding  in  this  singubur  maxim.  We  be* 
Ueve  that  it  has  been  carried  as  far  as  is  compatible  with 
other  essential  ^requisites  in  a  ship. 

474.  We  beEev^  that  this  is  the  chief  carcumstance  in 
what  is  called  the  trim  of  a  lAip ;  and  it  were  greatly  to  be 
wished  that  the  best  place  for  the  centre  of  gravity  could  be 
accurately  ascertained.  A  practice  prevails,  which  is  the 
opposite  of  what  we  are  now  advancing.  It  is  usual  to  load 
a  ship  so  that  her  keel  is  not  horizontal,  but  lower  abaft. 
This  is  found  to  improve  her  steerage.  The  reason  of  this 
is  obvious.  It  increases  the  acting  surface  of  the  rudder, 
and  allows  the  water  to  come  at  it  with  much  greater  free- 
dom and  regularity ;  and  it  generally  diminishes  the  griping 
of  the  ship  forward,  by  removing  a  part  of  the  bows  out  of 
the  water.  It  has  not  always  this  effect ;  for  the  form  of 
the  harjnng  aloft  is  frequently  such,  that  the  tendency  to 
gripe  is  diminished  by  immersing  more  of  the  bow  in  the 
water. 


But  wsving  these  drcumsUmoes,  ud  mtteoAag  atijlt 
the  rotatorj  energy  of  the  rudder^  we  see  that  it  b  of  ai> 
tmtage  to  carry  the  centre  of  gniTity  fcn-ward.  The  mm 
adTAiitage  is  guned  to  the  actioo  of  the  after  miIsl  Bsi; 
OD  the  other  hand,  the  action  of  the  beedaaik  is  dimiiiuiMll 
by  it;  and  we  may  call  every  sail  a  headesil  whose  centre  «f 
gravity  is  before  the  centre  of  gravity  of  the  ship;  thati% 
all  the  saib  hoisted  on  the  bowisprit  and  foremast,  aad  tk 
ataysails  hoisted  on  the  mainmast;  for  the  centre  ofgrantf 
is  seldom  far  before  the  mainmast. 

Suppose  that  when  the  rudder  is  put  into  the  position  AD 
(Plate  X.  fig.  li.),  the  centre  of  gravity  ooiild  be  shifted  ta 
f,  so  as  to  increase  q  69  and  that  thb  ia  done  without  iii' 
creasing  the  sum  of  the  products  p  r*.  It  is  obvious  tbd 
the  velocicy  of  conversion  will  be  increased  in  the  propor- 
tion off  6  to  q g.  This  is  very  possible,  bj  bringing  ts 
.that  side  of  the  ship  parts  of  her  loading  whieh  were  situated 
.at  a  distance  from  6  on  the  other  side.    Nay,  we  can  make 

this  change  in  such  a  manner  that  / p  r^  shall  even  be  less 

than  it  was  before,  by  taking  care  that  every  thing  which  we 
shift  shall  be  nearer  to  g  than  it  was  formerly  to.  Gr.  SuppoK 
it  all  placed  in  one  spot  m,  and  that  m  is  the  quantity  of  mat- 
ter so  shifted,  while  M  is  the  quantity  of  matter  in  the 
whole  ship.  It  is  only  necessary  that  mg  6*  ittiall  be  less 
than  the  sum  of  the  products/»r*  corresponding  to  the  mat- 
ter which  has  been  shifted.  Now,  although  the  matter 
which  is  easily  moveable  is  generally  very  small  in  compari- 
son to  the  whole  matter  of  the  ship,  and  therefore  can  make 
but  a  small  change  in  the  place  of  the  centre  of  gravity,  it 
may  frequently  be  brought  from  places  so  remote,  that  it 
may  occasion  a  very  sensible  diminution  of  the  quantity 

/  p  r^9  which  expresses  the  whole  momentum  of  inertia. 

475.  This  explains  a  practice  of  the  seamen  in  small  wher- 
ries or  skiffs,  who  in  putting  about  are  accustomed  to  place 
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themselves  to  leeward  of  the  mast  They  even  find  that 
they  can  aid  the  quick  motions  of  these  lig;ht  boats  by  the 
way  in  which  they  rest  on  their  two  feet,  sometimes  leaning 
all  on  one  foot,  and  sometimes  on  the  other.  And  we  have 
often  seen  this  evolution  very  sensibly  accelerated  in  a  ship 
of  war,  by  the  crew  running  suddenly,  as  the  helm  is  put 
down,  to  the  lee-bow.  And  we  have  heard  it  asserted  by 
very  expert  seamen,  that  after  all  attempts  to  wear  ship  (after 
lying-to  in  a  storm)  have  failed,  they  have  succeeded  by  the 
crew  collecting  th^nselves  near  the  weather  fore-shrouds  the 
moment  the  helm  was  put  down.  It  must  be  agreeable  to 
the  reflecting  seaman  to  see  this  practice  supported  by  un- 
doubted mechanical  principles. 

476.  It  will  appear  paradoxical  to  say  that  the  evolution 
may  be  accelerated  even  by  an  addition  of  matter  to  the 
ship ;  and  though  it  is  only  a  piece  of  curiosity,  our  readers 
may  wish  to  be  made  sensible  of  it.  Let  m  be  the  addition, 
placed  in  some  point  m  lying  beyond  G  from  q.  Let  S  be 
the  spontaneous  centre  of  conversion  before  the  addition. 
Let  V  be  the  velocity  of  rotation  round  g-,  that  is,  the  veloci- 
ty of  a  point  whose  distance  from  g  is  1,  and  let  (be  the  ra- 
dius vector,  or  distance  of  a  particle  from^.   We  have  (Ro- 

F  -qg 
tation)  V  =  "7? .     But  we  know  (Rotation) 


fp<' 


+  m'in     a 


that  fp  #  ■  =  fP  r*   -J.  M  •  G  g'.      Therefore  v  = 

F  •  qg 

— i ^ .   Let  us  determine  6  ^  an  d 

pr*  +  M -Gg"* +m 'mg-j 

m  g  and  q  g. 

Let  m  G  be  called  z.     Then,  by  the  nature  of  the  cen- 
tre of  gravity,  M-)-fit:M  =  G  m:  g  m  zz  z  :  g  tn,  and 

M  _  mM' 

g'^^^'MT+m'^  andtn  -gm^  =  — ^-— -«*.  Inlikeman- 

Mm« 
ner,  M  •  Gg*  z=  ^-r     i  z\      Now  m  M"   +  M  m*  = 


M  III  K  M  +  ai.     Therefore  M  •  6  ^«  ^  m  •gm*  = 

lgmx(M+m)  ^  Mm     ^  « 

the&M.Gg'*  ^.iii*^»*  =Mss\  AJLw  6^  =  »s,b> 

uig±:||~x~^«.    Let  9  6  be  called  c:  then  f^^c  4-as. 

AlaoletSGbe  called  e. 
We  baye  now  fiir  the  exprearion  of  the  velockf  as 

V(e  +  nz)  F        c  +  ai 

/"r ^.oro^n  X  /fc  '    — .  But OSotatuh) 
pr»  +  Mji««  **    Jpr^+nti^ 

IT 

fp^^ct.    Therefore, finaHy, f>=H  X  /e  Hh «s«'  "** 


there  been  no  addition  of  matter  made,  we  ahould  hatrebad 

P        c 
•  =  H  X  n'    I^  remakia  to  abow,  that  xnugrbe  ae  tabm 

c  c*-!-  H  z 

diat  —  may  be  leas  than^^  .  ^^'^    Now,  ife  beto««ac« 

to  iff*,  that  is,  if  JBT  be  taken  equal  to  e,  the  two  fnctiaiia  wiB 

be  equal.    But  \iz  be  less  tluin  e,  that  is^  if  the  additionil 

matter  b  placed  anywhere  between  S  and  €r,  the  oomples 

e 
fraction  will  be  greater  than.the  fraction^  and  die 

ty  of  rotation  will  be  increased.     There  is  a  particular 
tance  which  will  make  it  the  greatest  posable^  namely,  irficn 

z  is  made  =  ,|  (^c*  -^-nct'-^t)^  as  will  eanly  be  found 

c  '\-  nz 
by  treating  the  fraction  JTX^a*  ^^^  ^t  considered  as  the 

variable  quantity,  for  a  maximum.  In  what  we  have  been 
saying  on  this  subject,  we  have  considered  the  rotation  only 
in  as  much  as  it  is  performed  round  the  centre  of  gravity, 
although  in  every  moment  it  is  really  performed  round  a 
spontaneous  axis  lying  beyond  that  centre.     This  was  done 
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« 

because  it  atfbrded  an  easy  investigation,  and  any  angular 
MBotion  round  the  centre  of  gravity  is  equal  to  the  angular 
motion  round  any  other  point      Therefore  the  extent  itod 
the  time  of  the  evolution  are  accurately  defined. — Fromol^ 
serving  that  the  energy  of  the  force  F  is  proportional  to  f  G, 
an  inattentive  reader  will  be  apt  to  conceive  the  centre  6£ 
gravity  as  the  centre  of  motion,  and  the  rotation  as  taking 
place  because  the  womenta  of  the  sails  and  rudder,  on  the 
opposite  sides  of  the  centre  of  gravity,  do  not  balance  each 
other.      Bat  we  must  always  keep  in  mind  that  this  is  not 
the  cause  of  the  rotation.      The  cause  is  the  want  of  equi^ 
librium  round  the  poiot  C  (Plate  X.  fig.  10.),  where  the  ac- 
tions of  the  water  balance  each  other.  During  the  evdution, 
which  consists  of  a  rotation  combined  with  a  progressive  ao* 
tion,  this  point  C  is  continually  shifting,  and  th«  unbalan- 
ced momenta  which  continue  the  rotation  alwajrs  respect  the 
momentary  situation  of  the  point  C.     It  is  nevertheless  aU 
ways  true  that  the  energy  of  a  force  F  is  proportional  fcaU* 
ria  paribus)  to  f  Q^  and  the  rotation  is  always  made  in  the 
same  direction  as  if  the  point  G  were  really  the  centre  of 
conversion.      Therefore  the  mainsail- acts  always  (when  ob- 
lique) by  pushing  the  stern  away  from  the  wind^  although 
it  should  sometimes  act  on  a  point  of  the  vertical  lever 
through  C,  which  is  a-head  of  C. 

These  observations  on  the  efiects  of  the  sails  and  rudder 
in  producing  a  conversion,  are  sufficient  for  enabling  us  to 
explain  any  case  of  their  action  which  may  occur.  We  hav^ 
not  considered  the  effects  which  they  tend  to  produce  by  in- 
clining the  ship  round  a  horizontal  axis,  viz.  the  motions  of 
rolling  and  pitching.  To  treat  this  Subject  properly  would 
lead  us  into  the  whole  doctrine  of  the  equilibrium  of  floating 
bodies,  and  it  would  rather  lead  to  maxims  of  construction 
than  to  maxims  of  manoeuvre.  M.  Bouguer^s  Traite  du  Na» 
9ire  and  Euler^s  Scienlia  Navalia  are  excellent  performances 
on  this  subject,  and  we  are  not  here  obliged  to  have  recourse 
to  any  erroneous  theory. 
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477.  It  b  easy  to  see  that  the  lateral  pKnOnl  both  of  dy 
wind  on  the  suls  and  of  xhe  water  on  the  rudder  tendito 
uidine  the  ship  to  one  side.     The  sails  also  tend  to  pm 
the  ahip^s  bows  into  the  water,  and,  if  she  were  kept  fioa' 
advancing,  would  press  them  down  ooimderably.      But  hj 
the  ship^s  motion,  and  the  prominent  fbrm  of  her  hfmt,  ths 
resistance  of  the  water  to  the  fore  part*  of  the  ship  prodnoi 
a  force  which  is  directed  upwards.    The  sails  also  haica 
small  tendency  to  raise  the  ship,  for  they  ooastitute  a  SB^ 
face  winch  in  general  separates  from  the  plumb-line  bdo*;* 
This  is  remarkably  the  case  in  the  staystails,  particiiiaily 
the  jib  sod  fore-topmast  staysail.    And  this  helps  greatly 
to  soften  the  plunges  of  the  ship's  bows  into  the  head  ssaa 
The  upward  pressure  also  of  the  water  on  her  bows^  wUdi 
we  just  now  menticxied,  has  a  great  effect  in  opposiagthfr 
immerBion  of  the  bows  which  the  sails  produce  1^  aeting  oa 
the  long  levers  furnished  by  the  masts.    M.  Bouguer  gifss 
the  name  of  jieuiC  velique  to  the  pmnt  V«  (Plate  X.  fig.  IflL) 
of  the  mast,  where  it  is  cut  by  the  line  CV,  which  marks  the 
mean  place  and  direction  of  the  whole  impulse  of  the  wafeer 
on  the  bows.    And  he  observes,  that  if  the  mean  directioo 
of  all  the  actions  of  the  wind  oA  the  sails  be  made  to  pass 
also  through  this  point,  there  will  be  a  perfect  equilibrium, 
and  the  ship  will  have  no  tendency  to  plunge  into  the  water 
or  to  rise  out  of  it;  for  the  whole  action  of  the  water  on  the 
bows,  in  the  direction  CV,  is  equivalent  to,  and  may  be  ie« 
solved  into  the  action  CE,  by  which  the  progressive  motioo 
is  resisted,  and  the  vertical  action  CD,  by  which  the  ship  is 
raised  above  the  water.     The  force  CE  must  be  opposed  by 
an  equal  force  YD,  exerted  by  the  wind  on  the  sails,  and  the 
1  force  CD  is  opposed  by  the  weight  of  the  ship.    If  the  mean 
effort  of  the  sails  passes  above  the  point  V,  the  ship^s  bows 
will  be  pressed  into  the  water ;  and  if  it  pass  below  V,  her 
stem  will  be  pressed  down.     But,  by  the  union  of  these 
forces,  she  will  rise  and  fall  with  the  sea,  keeping  always  in 
a  parallel  position.     We  apprehend  that  it  is  of  very  little 
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nxmiciitto  iltend  to  Ibe  ntuadon  of  thU  pbbt  Exo^  wbm 
the  ship  18  right  Afor^  tfaeirind,  it  is  a  thoiisand  ehlnieiei  td 
one  that  the  lilie  CV  of  tnean  resistance  doen  not  pMi 
through  any  mast ;  and  the  fact  is,  that  the  ship  cannot  bn 
in  a  state  of  uniform  motion  on  any  other  ecMiditionbat  tba 
perfect  union  df  the  line  of  mean  action  of  the  saib»  iuldtht 
line  of  mean  action  of  the  resistance.  But  its  jdace  shifii 
by  evety  change  of  leeway  or  of  trim;  and  it  is  impossible 
to  keep  these  lines  in  cfoe  constant  point  of  intersection  ibf 
a  moment,  on  account  of  the  incessant  changes  of  tfie  euf^ 
iilce  of  the  water  on  which  die  floats.  M.  Bouguer^s  ob^ 
serrations  on  this  point  are,  howeyer,  very  ingenious  and 
original 

We  conclude  this  dissertation,  by  describing  some  of  ihi 
chief  movements  or  evolutions.  What  we  have  said  lulbetw 
to  b  intended  fir  the  instruction  of  the  artist,  by  ttuddng 
him  sennble  of  the  medianical  procedure.  Thed^kariptien 
is  rather  meant  for  the  amusement  of  the  landeman,  enihiing 
him  to  understand  operations  that  ire  fiuniliAr  to  the  sM^ 
man.  The  lutter  will  perhaps  smile  at  the  awiiward  i^ 
count  given  of  his  bunness  by  one  who  cannot  h$ioAj  Mf^ 
or  steer. 

To  lack  Ship. 

The  ship  must  first  he  kept  full,  that  is,  witii  a  vely  mA^ 
uble  angle  of  incidence  on  the  sails,  and  by  no  meims  hiigu. 
ging  the  wind.  For,  as  this  evolution  is  diiefly  periiinned 
by  the  rudder,  it  is  necessary  to  give  the  ship  a  good  T^lti^ 
dty .  When  the  ship  is  observed  to  lufif  up  of  herself,  thil 
moment  is  to  be  catched  for  beginning  the  evolutioh,  bei* 
cause  she  will  by  her  inherent  force  continue  this  motiMti 
The  hehn  b  tlien  put  down.  When  the  officer  caUs  out 
Iielm'*s  a-lee,  the  fore-sheet,  fore-top  bowline,  jib,  and  flaf* 
Sttl  sheets  forward  are  let  go.  The  jib  is  frequently  haliU 
cd  down.  Thus  the  obstacles  to  the  ship's  bead  cottdnf 
'    vol.  IV.  S  u 
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up  to  tlic  wind  by  the  action  of  tlic  rudder  are  rcmmed. 
If  tlie  miunsail  is  set,  it  is  not  unusual  to  clue  up  the  wei. 
tlier  sid^,  which  may  be  considered  as  a  headsail,  because 
it  is  before  the  centre  of  gravity.  The  mizen  must  be 
hauled' out,  and  even  the  sail  braced  to  n^indwaid.  lis 
power  in  paying,  off  the  stern  from  the  wind  consjMres  iHi 
the  actipn  of  the  rudder.  It  is  really  an  aerial  rudder. 
The  sails  are  immediately  taken  aback.  In  this  state  the 
effect  of  the  mizen-topsiul  would  be  to  obstruct  the  move 
ment,  by  pressing  the  stem  tlie  contrary  way  to  what  it  did 
before.  It  is  therefore  either  immediateJyr  braced  about 
sharp  on  the  other  tack,  or  lowered.  Bracing  it  about  evi- 
dently tends  to  pay  round  tlie  stem  from  the  wind,  and 
thus  assist  in  bringing  tlie. head  up  to  the  wind.  But  in 
this  position  it  checks  the  progressive  motion  of  the  ship, 
OD.whiph  the  evolution  chiefly  depends.  For  a  rapid  evo- 
lutiopi  therefore,  it  is  as  well  to  lower  the  mizen-topsaiL 
Meantime,  the  headsails  are  all  aback,  and  the  action  of 
the  wind  on  them  tends  greatly  to  pay  the  ship  round. 
To  increase  this  effect,  it  is  not  unusual  to  haul  tlie  fore- 
top  bowline  again.  The  suls  on  the  mainmast  are  now  al- 
most becalmed ;  and  therefore,  when  the  wind  is  right  a- 
head,  or  a  little  before,  the  mainsail  is  hauled  round  and 
braced  up  sharp  on  the  other  tack  with  all  expedition.  The 
staysedl  sheets  are  now  shifted  over  to  their  places  for  the 
other  tack.  The  ship  is  now  enlircly  under  the  power  of 
the  headsails  and  of  the  rudder,  and  their  actions  conspire 
to  promote  the  conversion.  The  ship  has  acquired  an  an- 
gulst**  motion,  and  will  preserve  it,  so  that  now  the  evolu- 
tion is  secured,  and  she  falls  off  apace  from  the  wind  on  the 
other  tack.  The  fartlier  action  of  the  rudder  is  therefore 
unnecessary,  and  would  even  be  prejudicial,  by  causing  the 
ship  to  fall  off  too  much  from  the  wind  before  the  sails  can 
be  shifted  and  trimmed  for  sailing  on  the  other  tack.  It 
is.  therefore  proper  to  right  the  helm  when  the  wind  is  right 
a-head,  tliat  is,  to  bring  the  rudder  into  the  direction  of  the 
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keel.     The  ship  continues  her  conversion  by  her  inhettnt 
force  and  the  action  of  the  headsails. 

When  the  ship  has  fallen  off  about  four  pcnnts  fram  the 
wind,  the  headsuls  are  hauled  round  and  trimmed  sharp 
on  the  other  tack  with  all  expedition ;  and  althoagh  thte 
operation  was  begun  with  the  wind  four  points  on  the  bow, 
it  will  be  six  before  the  sails  are  braced  up,  and  therefore 
the  hcladsuls  will  immediately  fill.  The  afler-sails  have 
filled  already,  while  the  headsails  were  inactive,  and  there- 
fore immediately  check  the  farther  falling  off  from  the  wind. 
All  sails  now  draw,  for  the  staysail  sheets  have  been  shiil. 
ed  over  while  they  were  becalmed  or  shaking  in  the  wind. 
The  ship  now  gathers  way,  and  will  obey  the  smallest  mo- 
tion of  the  helm  to  bring  her  close  to  the  wind. 

We  have  here  supposed,  that  during  all  this  operation 
the  ship  preserves  her  progres^ve  motion.  She  must  there 
fore  have  described  a  curve  line,  advandng  all  the  while  to 
windward.  Fig.  13.  is  a  representation  of  this  evolution 
when  it  is  performed  in  the  completest  manner.  The  ship 
standing  on  the  course  £  a,  with  the  wind  blowing  in  the 
direction  WF,  has  her  helm  put  hard  a^lec  when  she  is  in 
the  position  A.  She  immediately  deviates  from  her  course, 
and  describing  a  curve,  comes  to  the  position  B,  with  the 
wind  blowing  in  the  direction  WF  of  the  yards,  and  the 
square-sails  now  shiver.  The  mizen  topsul  is  here  repre- 
sented braced  sharp  on  the  other  tack,  by  which  its  tenden* 
cy  to  Bid  the  angular  motion  (while  it  checks  the  progres- 
sive motion)  is  distinctly  seen.  The  main  and  foresuk  are 
now  shivering,  and  immediately  afler  are  taken  aback.  The 
effect  of  this  on  the  headsails  is  distinctly  seen  to  be  fa- 
vourable to  the  conversion,  by  pushing  the  point  F  in  the 
direction  Ft;  but  for  the  same  reason  it  continues  tb  re- 
tard the  progressive  motion.  When  the  ship  has  attained 
to  the  position  C,  the  mainsail  is  hauled  round  and  trimmed 
for  the  other  tack.  The  impulse  in  the  direction  F  i  stiU 
aids   the  conversion  and  retards  the  progressive  motibto. 
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When  the  ship  has  attained  a  positioii  between  C  nidB, 
sudi  that  the  main  and  misen-topsul  yards  are  in  the  4 
reetion  of  the  wind»  there  is  nothing  to  oounteract  the  font 
of  the  beadaiuls  to  pay  the  ship^s  head  off  from  the  wiuL 
Naj>  dujnng  the  progress  of  the  ship  to  thb  intermediite 
pogtkm,  if  any  wind  gets  at  the  main  or  micen  topfluli^it 
acts  on  thar  anterior  surfaces,  and  impels  the  after  paitscif 
the  ship  away  from  the  curve  a  6  c  d^  and  thus  aids  the  le- 
▼olution.  We  have  therefore  said,  that  when  once  die  ssib 
are  taken  fully  aback,  and  particularly  when  the  wind  if 
farought  right  ahead,  it  is  scarce  possible  for  the  evoludoa 
to  fail ;  as  soon  therefore  as  the  main-topsail  (trimmed  for 
the  other  tack)  shivers,  we  are  certun  that  the  beadsub 
will  be  filled  by  the  time  they  are  hauled  round  and  trim- 
med. The  staysails  are  filled  before  this,  because  thor 
sheets  have  been  diifted,  and  they  stand  much  sharper  than 
the  square-siuls ;  and  thus  every  thing  tends  to  check 
the  falling  off  from  the  wind  on  the  other  tack,  and  this  no 
sooner  than  it  should  be  done.  The  ship  immediately  ga- 
thers way,  and  holds  on  in  her  new  course  d  6. 

But  it  frequently  happens,  that  in  this  conversion  the  ship 
loses  her  whole  progressive  motion.  Thb  sometimes  hap> 
pens  while  the  siulsare  shivering  before  they  are  taken  fully 
aback.  It  is  evident,  that  in  this  case  there  is  little  hopes 
of  success,  for  the  ship  now  lies  like  a  log,  and  neither  sails 
nor  rudder  have  any  action.  The  ship  drives  to  leeward 
like  a  log,  and  the  water  acting  on  the  lee  side  of  the  rud- 
der checks  a  little  the  driving  of  the  stem.  The  head 
therefore  falls  off  again,  and  by  and  by  the  sails  fill,  and 
the  ship  continues  on  her  former  tack.  This  is  called 
Sf  issxNo  sTAYSy  and  it  is  generally  owing  to  the  ship's  hav- 
ing too  little  velocity  at  the  beginning  of  the  evolution. 
Hence  the  propriety  of  keeping  the  sails  well  filled  for 
some  little  time  before.  Rough  weather,  too,  by  reusing  a 
wave  which  beats  violently  on  the  weather-bow,  frequently 
checks  the  first  luffing  of  the  ship,  and  beats  her  off  again. 
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If  the  abip  lose  all  ber  motion  after  the  headsuls  have 
been  fully  taken  aback»  and  before  we  bare  brought  the 
wind  right  abead»  the  evolution  becomes  uncertain,  but  bj 
no  meana  deqperate ;  finr  the  action  of  the  wind  on  the  head- 
aaila  will  presently  give  her  stem-way.  Suppose  this  to 
happen  when  the  ship  is  in  the  position  C.  Bring  the  hebu 
over  hard  to  windward,  so  that  the  rudder  shall  have  the 
positbn  represented  by  the  small  dotted  line  of.  It  is  evi- 
doatt  that  the  remstanoe  of  the  water  to  the  stem-way  of 
the  rudder  acts  in  a  favourable  direction,  pushing  the  stem 
outwards.  In  the  meantime,  the  action  of  the  wind  on  the 
headsails  pushes  the  head  in  the  opposite  direction.  These  ' 
actions  consjnre  therefore  in  promoting  the  evolution ;  and 
if  the  wind  is  right  ahead,  it  cannot  fail,  but  may  even  be 
completed  speedily,  because  the  ship  gathers  stem-way, 
and  the  action  of  the  rudder  becomes  very  powerful ;  and 
as  soon  as  the  wind  comes  on  the  fin'merly  lee-bow,  the  ac- 
tion of  the  water  on  the  now  lee-quarter  will  greatly  acce- 
lerate the  conversion.  When  the  wind  therefore  has  once 
been  brought  nearly  right  ahead,  there  is  no  risk  of  bong 
baffled. 

But  should  the  ship  have  lost  all  her  head- way  connder- 
ably  before  this,  the  evolution  is  very  uncertun ;  for  the 
action  of  the  water  on  the  rudder  may  not  be  nearly  equal 
to  its  contrary  action  on  the  lee-quarter ;  in  whidh  case  the 
action  of  the  wind  on  the  headsails  may  not  be  sufficient  to 
make  up  the  difference.  When  this  is  observed,  when  the 
ship  goes  astem  without  changing  her  position,  we  must 
immediately  throw  the  headsails  completely  aback,  and  put 
the  helm  down  again,  which  will  pay  off  the  ship^s  head 
from  the  wind  enough  to  enable  us  to  fill  the  sails  again  on 
the  same  tack,  to  try  our  fortune  again ;  or  we  must  box- 
haul -the  ship,  in  the  manner  to  be  described  by  and  by. 

Such  b  the  ordinary  process  of  tacking  ship,— «  process  in 
wbicb  all  the  difierait  modes  of  action  of  the  rudder  and 
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saik  are  cmplojcd.  To  execute  this  cvolutioa  in  the  mosi 
expeditious  manner,  and  so  as  to  gain  as  much  on  the  wind 
as  possible,  is  considered  as  the  test  of  an  ezpot  teaman. 
We  have  described  the  process  which  is  best  calculated  ftr 
ensuring  the  movement.  But  if  the  ship  be  saifing  Toy 
briskly  in  smooth  water,  so  that  there  is  no  danger  of  miis- 
ing  stays,  we  may  gain  more  to  windward  oonsiderBblj  by 
keeping  fast  the  fore-top  bowline  and  jib  and  stay-adi 
sheets  ull  the  square-sails  are  all  shivering :  for  these  ssuls, 
continuing  to  draw  with  considerable  force,  and  balandng 
each  other  tolerably  fore  and  aft,  keep  up  the  sbip^s  velo- 
city very  much,  and  thus  maintain  the  power  of  the  nid-  ^ 
der.  If  we  now  let  all  fly  when  the  square  sails  arc  shiver- 
ing,  the  ship  may  be  considered  as  without  sails,  but  expos- 
ed to  the  action  of  the  water  on  the  lee-bow ;  from  whidi 
arises  a  strong  pressure  of  the  bow  to  windward  which  con- 
spires with  the  action  of  the  rudder  to  aid  the  converaon. 
It  evidently  leaves  all  that  tendency  of  the  bow  to  wind- 
ward which  arises  from  leeway,  and  even  what  was  coun- 
teracted by  the  formerly  unbalanced  action  of  these  head- 
staysails.  This  method  lengthens  the  whole  time  of  the 
evolution,  but  it  advances  the  ship  to  windward.  Observe, 
too,  that  keeping  fast  the  foreiop  bowline  till  the  sail  shivers, 
and  then  letting  it  go,  ensures  the  taking  aback  of  that  sail, 
and  thus  instantly  produces  an  action  that  is  favourable  to 
the  evolution. 

The  most  expert  seamen,  however,  differ  among  them- 
selves with  respect  to  these  two  methods,  and  the  first  is 
the  most  generally  practised  in  the  British  navy,  because 
the  least  liable  to  fail.  The  forces  which  oppose  the  con- 
version are  sooner  removed,  and  the  production  of  a  favour- 
able action  by  the  backing  of  the  foretop-sail  is  also  sooner 
obtained,  bv  letting  go  the  foretop  bowline  at  the  first 

Having  entered  x)  minutely  into  the*  description  and  ra- 
tionale of  ihi>  evolution,  wc  have  ^uthcientlv  turned  ibc 
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reader^B  attentioD  to  the  diiferent  actions  whidi  co-operate 
in  {HXMlucing  the  motions  of  conversipn.  .We  shall  there- 
ibre  be  very  brief  in  our  description  of  die  other  eyolutionsb 

'  To  wear  Ship. 

When  the  seaman  sees  that  his  ship  will  not  go  about 
head  to  wind,  but  will  miss  stays,  he  must  cliange  his  tack 
the  other  way ;  that  is,  by  turning  her  head  away  from,  the 
wind,  going  a  littk  way>  before  the  'wiud,  and  then  hauling 
the  wind  on  the  other  tack.  This  is  called  weaeing  or 
VKEBJKO  ship.  It  is  most  necessary  in  stormy  weatliev 
with  little  sail,  or  in  very  faint  breezes,  or  in  a  disabled 
ship.. 

The  process  is  exceedingly  simple;  and  the  mere  norra-. 
tion  of  the  procedure-is  sufficient  for  showing  the  pn^riety 
of  ev^ry  part  of  it. 

Watch  for  the  moment  of  the  ship's  falling  off,  and  then 
haul  up  the  mmnsail  and  mizen,  and  shiver  the  mizen-top< 
sail,  and  put  the  helm  a-weather.  When  the  ship  fall^  off 
sensibly  (and  not  before),  let  go  the  bowlines.  Ease  away 
the  fore-sheet,  raise  the  fore-tack,  and  gather  aft  the  wea- 
ther fore-sheet  as  the  lee-sheet  is  eased  away.  Round  in 
the  weather-braces  of  the  fore  and  main-masts,  and  keep 
the  yards  nearly  bisecting  the  angle  of  the  wind  and  keel, 
so  that  when  the  ship  is  before  the  wind  the  yards  may  be 
square.  It  may  even  be  of  advantage  to  round  in  the  wea- 
ther-braces of  the  main-topsul  more  than  those  of  the  head- 
sails;  for  the  mainmast  is  abaft  the  centre  of  gravity.  All 
this  while  the  mizen-topsail  must  be  kept  shivering,  by 
rounding  in  the  weather-braces  as  the  ship  pays  off  fron^ 
the  wind.  Then  the  main-topsail  will  be  braced  up  for  the 
other  tack  by  the  Ume  that  we  have  brought  the  wind  on 
the  weather  quarter.  After  this  it  will  be  full,  and  will  aid 
the  evolution.  When  the  wind  is  right  aft,  shift  the  jib 
and  staysail  sheets.   The  evolution  now  goes  on  with  great 


npidity ;  therefore  briskly  haul  on  bowrd  the  fai«  ■! 
wiMw  tacksi  and  htul  out  the  miaen,  and  aei  tbe  mam- 
suyeeilt  as  soon  as  they  will  take  the  wind  the  right  mj. 
We  must  now  check  the  great  rafuditj  with  whidi  the 
ship  comes  to  the  wind  on  the  other  tack,  by  nghtisg  the 
hehn  before  we  bring  the  wind  oo  the  beam ;  and  aU  rniat 
be  trimmed  sharp  fore  and  aft  by.this  time,  that  the  hud- 
sails  may  take  and  check  the  coming-to.  All  being  tna- 
med,  stand  on  dose  by  the  wind. 

We  cannot  help  loong  much  ground  *in  this  noveoeik 
Therefore,  though  it  be  Tery  simjde,  it  requires  much  it- 
tentbn  and  rapid  execution  to  do  it  with  as  little  gnmnd  ti 
possible  One  is  apt  to  imagine  at  first  that  it  would  he 
better  to  keep  the  headsails  braced  up  on  the  fonner  tstk, 
or  at  least  not  to  round  in  the  weather.braoessomudi  ai  ii 
here  chrected.  When  the  ship  is  right  afore  the  wind,  we 
should  expect  assistance  from  the  obliquity  of  the  head- 
sails  ;  but  the  rudder  being  the  principal  agent  in  the  evo- 
lution, it  is  found  that  more  is  gained  by  incretsiog  the 
ship^s  velocity,  than  by  a  smaller  impulse  in  the  headesib 
more  favourably  directed.  Experienced  seamen  differ, 
however,  in  their  practice  in  respect  of  this  particular. 

To  box  haul  a  Ship. 

This  is  a  process  performed  only  in  critical  situatiom, 
as  when  a  rock,  a  sliip,  or  some  danger,  is  suddenlj  eeeo 
right  a-head,  or  when  a  ship  misses  stays.  It  requires  the 
most  rapid  execution. 

The  ship  being  close  hauled  on  a  wind,  haul  up  the  maio- 
sail  and  mizen,  and  shiver  the  topsails,  and  put  the  helm 
hard  a-lee  altogether.  Ruse  the  fore-tack,  let  go  thebesd 
bowlines,  and  brace  about  the  headsails  sharp  on  the  other 
tack.  The  ship  will  quickly  lose  her  way,  get  stem-waji 
and  then  fall  off,  by  the  joint  action  of  the  headsails  and  of 
the  inverted  rudder.   When  she  has  fallen  off  eight  poiflti» 
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brace  the  aftenaik  square,  which  have  hitherto  been  kept 
shivering.  This  will  at  first  increase  the  power  of  the  rud- 
der, by  increanng  the  stem-way,  and  at  the  same  time  it 
makes  no  opposition  to  the  conversicm  wliich  is  going  on. 
The  continuation  of  her  drcular  motion  will  presently  cause 
them  to  take  the  wind  on  their  after  surfaces.  This  will 
check  the  stem-way,  stop  it,  and  give  the  ship  a  Uttle  head- 
way. Now  shift  the  helm,  so  that  the  rudder  may  again 
act  in  conjunction  with  the  headaails  in  paying  her  off  from 
the  wind.  This  is  the  critical  part  of  the  evolution,  be- 
cause the  ship  has  little  or  no  way  through  the  water,  and 
will  frequently  remain  long  in  this  position.  But  as  there 
are  no  counteracting  forces,  the  ship  continues  to  fall  off. 
Then  the  weather-braces  of  the  after-sails  may  be  gently 
rounded  in,  so  that  the  wind  acting  on  their  hinder  surfiuses 
may  both  push  the  ship  a  little  a^-head  and  her  stem  laterally 
in  conjunction  witli  the  rudder.  Thus  the  wind  is  brought 
upon  the  quarter  and  the  headsails  shiver.  By  this  time 
the  ship  has  acquired  some  head-way.  A  continuation  of 
the  rotation  would  now  fill  the  headsails,  and  their  action 
would  be  contrary  to  the  intended  evolution.  They  are 
therefore  immediately  braced  the  other  way,  nearly  square, 
and  the  evolution  is  now  completed  in  the  same  manner 
with  wearing  ship. 

Some  seamen  brace  all  the  sails  aback  the  moment  that 
the  helm  is  put  hard  a-lee,  but  the  after-sails  no  more  aback 
than  just  to  square  the  yards.  This  quickly  gives  the  ship 
stem-way,  and  brings  the  rudder  into  action  in  its  inverted 
direction ;  and  they  think  that  the  evolution  is  accelerated 
by  tliis  method. 

There  is  another  problem  of  seamanship  deserving  of  our 
attention,  which  cannot  projierly  be  called  an  evoluticxi. 
This  is  lying  to.  This  is  done  in  general  by  laying  some 
sails  aback,  so  as  to  stop  the  head-way  produced  by  otlier*. 
But  there  is  a  considerable  address  necessary  for  doing  this 
in  such  a  way  that  the  ship  shall  lie  easily,  and  under  com- 
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mand,  ready  to  prooeed  in  her  oourpe,  and  easily  I 
under  weigh. 

To  bring  to  with  the  fore  or  main  topaail  to  tli 
brace  that  sail  sharp  aback,  haul  <Hit  the  miaen,  ai 
the  helm  hard  a-lee. 

Suppose  the  fore-topsail  to  be  aback,  the  othc 
shoot  the  ship  a4iead,  and  the  lee-helm  makes  the  Ai\ 
up  to  the  wind,  which  makes  it  come  more  perpendii 
on  the  sail  which  is  aback.  Then  its  impulse  soon  e 
those  on  the  other  sails,  which  are  now  shivering  or  i 
shivering.  The  ship  stands  still  awhile,  and  then  fa 
so  as  to  fill  the  after-suls,  which  again  shoot  her  a4ieai 
the  process  is  thus  repeated.  A  diip  lying  to  in  thi 
goes  a  good  deal  a-head  and  also  to  leeward.  If  the 
topsail  be  aback,  the  diip  shoots  Srhead,  and  oomes  ^ 
the  diminished  impulse  of  the  drawing  sails  in  the  dir 
of  the  keel  is  balanced  by  the  increased  impulse  o 
main  topsail.  She  lies  a  long  while  in  this  position  d 
slowly  to  leeward ;  and  she  at  last  falls  off  by  the  bi 
of  the  water  on  lier  weather-bow.  She  falls  off  but 
and  soon  comes  up  again. 

Thus  a  ship  lying  to  is  not  like  a  mere  log,  but 
certmn  motion  which  keeps  her  under  command.  T< 
under  weigh  again,  we  must  watch  the  time  of  falling 
and  when  this  is  just  about  to  finish,  brace  about  bri 
and  fill  the  sail  which  was  aback.  To  aid  this  open 
the  jib  and  foretopmast  staysail  may  be  hoisted,  an< 
mizen  brailcd  up :  or,  when  the  intended  course  is  b 
the  wind  or  large,  back  the  foretupsail  sharp,  shivc 
main  and  mizen  topsail,  brail  up  the  mizen,  and  hoisi 
jib  and  foretopmast  staysails  altogether. 

In  a  storm  with  a  contrary  wind,  or  on  a  lee  shore,  a 
is  obliged  to  lie  to  under  a  very  low  sail.  Some  sail  ii 
solutely  necessary,  in  order  to  keep  the  ship  steadily  d 
otherwise  she  would  kick  about  like  a  cork,  and  roll  so 
as  to  strain  and  work  herself  to  pieces.     Different   i 
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briiave  best  under  diffinrent  sailB.  In  a  mry  violeiit  g^, 
the  three  lower  itayi^ails  are  in  gmeral  wdl  adapted  for 
kcqfnng  hisr  eteady,  and  diatiibiitiiig  the  strain.  This 
mode  seems  also  well  adapted  for  wearing,  whioh  may  be 
done  by  hauling  down  the  mizen-staysatl-  Under  whate¥er 
sail  the  ship  is  brought  to  in  a  storm,  it  is  always  with  a 
fitted  sul,  and  never  with  one  laid  aback.  The  helm  is 
lashed  down  hard  a-lee ;  therefora  the  slup  shoots  aJiead, 
and  comes  up  till  the  sea  on  her  weather4iow  beats  her  off 
again.  Getting  under  weigh  is  generally  difficult;  because 
the  ship  and  rigging  are  lofty  abaft,  and  hinder  her  from 
falling  off  readily  when  the  helm  is  put  k^ri  a»weather. 
We  must  watch  the  fallii^  off,  and  assist  the  ship  by  some 
small  headsail.  Sometimes  the  crew  get  up  on  the  weadier 
fore-shrowds  in  a  crowd,  and  thus  present  a  surface  to  tlie 
wind- 

These  examples  of  the  three  chief  evoluticms  wiil  enable 
those  who  are  not  seamen  to  understand  the  propriety  of 
the  different  steps,  and  also  to  understand  the  other  evolu* 
tions  as  they  are  described  by  practical  authors.  We  are 
not  acquainted  with  any  performance  in  our  language 
where  the  whole  are  considered  in  a  connected  and  syste- 
matic manner.  There  is  a  book  on  this  subject  in  Frenph, 
called  La  MancBuvriery  by  M.  Burd^  de  Ville-Huet,  which 
is  in  great  reputation  in  France.  A  transladon  into  Eng- 
lish was  published  some  years  ago,  said  to  be  the  perform- 
ance of  the  Chevalier  de  Sauseuil,  a  French  officer.  But 
this  is  undoubtedly  the  work  of  some  person  who  did  not 
understand  either  the  French  language,  or  the  subject,  or 
the  mathematical  prindples  which  ^re  employed  in  the 
scientific  part  The  blunders  are  not  such  as  could  pos- 
ffibly  be  made  by  a  Frenchman  not  versant  in  the  Eng- 
lish language,  but  natural  for  an  Englishman  ignorant  of 
French.  No  French  gentleman  or  officer  would  have  trans- 
lated a  work  of  this  kind  (which  he  professes  to  think  so 
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highly  of)  to  serve  the  rivals  and  foes  of  his  countiy.  Bni 
indeed  it  can  do  no  great  harm  in  this  way  ;  far  the  sdenti. 
fie  part  of  it  is  absolutely  unintelligible  for  want  of  scienoe 
in  tlie  translator ;  and  the  practical  part  is  full  of  blunders 
for  want  of  knowledge  of  the  French  language. 

We  ofter  this  account  of  tlic  subject  witli  all  proper  re- 
spect and  diffidence.  We  do  not  profess  to  teach ;  but,  bj 
pointing  out  the  defects  of  the  celebrated  works  of  M. 
Bougiier,  and  the  course  which  may  be  taken  to  reiiio?e 
them,  while  we  preserve  mudi  valuable  knowledge  whidi 
they  contain,  we  may  perhaps  excite  some  persons  CO  ap- 
ply to  this  subject,  who,  by  a  combination  of  what  is  just 
in  M.  Bouguer^s  theory,  with  an  experimental  doctrine  of 
the  impulses  of  fluids,  may  produce  a  treatise  of  seaman^ 
sliip  which  will  not  be  confined  to  the  libraries  of  mathema- 
ticians, but  become  a  manual  for  seamen  by  profesaoii> 
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